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MARINE SCIENCE 

WEDNESDAY, APRIL 20, 1960 

U.S. Senate, 
CoMMITTEE ON INTERSTATE AND ForEIGN CoMMERCE, 

Washington, D.C. 
The committee met at 10:55 a.m., in room 5110, Senate Office Build- 

ing, the Honorable Warren G. Magnuson (chairman) presiding. 
The Cuatrman. The committee will come to order. 
I want first to apologize to the witnesses since we were late getting 

in. The committee here usually meets at 10:30 so as a matter of 
habit most of them get here then, but there is a little subcommittee 
argument down below and they will all be along. 

ince we have so many fine witnesses, we want to get started. The 
committee will consider S. 2692, the Marine Sciences and Research 
Act of 1959. Without objection, S. 2692 will appear in the record 
at this point. 

(S. 2692 is as follows:) 

[S. 2692, 86th Cong., 1st sess.] 

A BILL To advance the marine sciences, to establish a comprehensive ten-year program 
of oceanographic research and surveys; to promote commerce and navigation, to secure 
the national defense; to expand ocean resources; to authorize the construction of 
research and survey ships and facilities; to assure systematic studies of effects of 
radioactive materials in marine environments, to enhance the general welfare; and for 
other purposes 

Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, 

SHORT TITLE 

Section 1. This Act may be cited as the “Marine Sciences and Research Act 
of 1959”. 

DECLARATION OF POLICY 

Sec. 2. The Congress hereby declares that systematic, scientific studies and 
Surveys of the oceans and ocean floor, the collection, preparation and dissemi- 
nation of comprehensive data regarding the physics, biology, chemistry and 
geology of the seas, and the education and training of oceanographic scientists 
through a sustained and effective fellowship program is vital to defense against 
attack from the oceans and to the operation of our own surface and subsurface 
naval forces with maximum efficiency, to the rehabilitation of our commercial 
fisheries and utilization of other ocean resources, to the expansion of commerce 
and navigation, and to the development of scientific knowledge since many 
problems require an understanding of the waters which cover 71 per centum of 
the earth’s surface, life within these waters, and the interchange of energy and 
matter between the sea and atmosphere. 

The Congress further declares that sound national policy requires that the 
United States not be excelled in the fields of oceanographic research, basic, 
military or applied, by any nation which may presently or in the future threaten 
our general welfare, maritime commerce, security, access to and utilization of 

Norre.—Professional staff member assigned to this hearing, Daniel B. Markel. 

il 



2 MARINE SCIENCE 

ocean fisheries, or the contamination of adjacent seas by the dumping of radio- 
active wastes or other harmful agents. 
The Congress further declares that to meet the objectives outlined in the 

preceding paragraphs of this Act there must be a coordinated, long-range pro- 
gram of oceanographic research similar or identical to that recommended as a 
minimal program by the Committee on Oceanography of the National Academy 
of Sciences-National Research Council which requires but is not limited to 
the— 

1. construction of modern, oceangoing ships for scientific research, surveys, 
fisheries exploration and marine development ; 

2. construction of laboratory and shore facilities adequate to service and 
supplement the research and survey fleets ; 

3. development and acquisition of new and improved research tovis. 
devices, instruments, and techniques including but not limited to bathyscaphs 
and other manned submersibles, manned and unmanned deep ocean buoys, 
modified icebreakers, accoustical equipment and telemetering devices, current 
meters, direct density, turbulence and radioactivity measuring devices, 
biological sampling instruments, precision salinometers and echo sounders, 
magnetometers, and deep sea underwater cameras; 

4. recruitment of prospective oceanographers from among undergraduate 
students of physics, chemistry, biology and geology and the facilitating of 
their advanced education in the marine sciences by a long-term fellow- 
ship program, where necessary, supported by or through the National Science 
Foundation or other appropriate agency of the Federal Government ; 

5. improvement of the economic and general welfare by obtaining more 
adequate information in the field of oceanography concerning the oceur- 
rence, behavior, and potential use of fish, shellfish, and other marine life, and 
thereby to enhance the development and utilization of living marine re- 
sources ; 

6. establishment of a national oceanographic records center to assemble, 
prepare and disseminate all scientific and technical oceanographic and closely 
related data, including but not limited to physical, biological, fisheries, 
hydrographic and coastal survey, meteorological and climatological data. 
All nonelassified data Shall be made available for public use; and 

7. development of a formal international cooperation in the marine sciences 
on a reciprocal basis subject to approval by the President. 

The Congress further declares that. a coordinated, long-range program of 
oceanographic research requires establishment of a Division of Marine Sciences 
in the National Science Foundation, which shall include representation from 
Government agencies having duties or responsibilities connected with or related 
to the seas and oceans, and oceanographic scientists associated with universi- 
ties, institutions affiliated with universities, laboratories or foundations, and 
which Division shall be authorized and directed— 

(a) to develop and encourage a continuing national policy and program for 
the promotion of oceanographic research, surveys and education in the 
marine sciences: Provided, That the long range program for oceanographie 
research developed and projected by the Chief of Naval Research, Depart- 
ment of the Navy, and approved by the Chief of Naval Operations, known as 
project THNOC (Ten Years in Oceanography) be incorporated in the 
national program and policy ; 

(b) to recommend contracts, grants, loans or other forms of assistance for 
the development and operation of a comprehensive national program of 
oceanographic research and education in the marine sciences ; 

(ec) to cooperate with and encourage the cooperation of 'the Office of Naval 
Research, the Hydrographic Office, the Bureau of Ships, the Coast and Geo- 
detic Survey, the Bureau of Commercial Fisheries, the Atomic Hnergy Com- 
mission, the Maritime Administration, the United States Weather Bureau, 
the United States Coast Guard, the United States Geological Survey, the 
National Bureau of Standards, and other Government agencies dealing with 
problems related to the seas, and the National Academy of Sciences—Na- 
tional Research Council and administrators and scientists of all universities 
and institutions receiving assistance from Federal agencies for oceanog- 
raphic or fisheries research or education in the marine sciences in the form 
of contracts, loans, grants, leases, donations, scholarships, fellowships or 
transfers of funds or property of the Federal Government ; 
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(d) to foster the interchange of information among marine scientists in 
the United States and foreign nations within the security provisions and 
limitations of the National Science Foundation Act of 1950 (64 Stat. ch. 

171) ; and 
(e) to evaluate the scientific aspects of programs of oceanographic and 

fisheries research and surveys undertaken by agencies of the Federal Goy- 
ernment, universities and institutions receiving assistance from the Federal 
Government for oceanographic and fisheries research and ocean surveys. 

NATIONAL SCIENCE FOUNDATION, DIVISION OF MARINE SCIENCES 

Sec. 3. (a) Section 7(a) of the National Science Foundation Act of 1950 is 
hereby amended by striking “and” after the semicolon in (8), redesignating (4) 
as (5) and inserting immediately after (3) the following new section: 
(4) Division of Marine Sciences ; and”. 
(b) Section 8(b) of the National Science Foundation Act of 1950 is hereby 

amended by substituting a semicolon for the period after “Board” and inserting 
immediately thereafter the following new proviso: ‘Provided, That the Divi- 
sion of Marine Sciences shall include among its membership a representative 
from the Office of Naval Research, the Hydrographic Office, the Coast and Geo- 
detic Survey, the Bureau of Commercial Fisheries, the Atomic Hnergy Com- 
mission, the Maritime Administration, and at least six scientists from the uni- 
versities and institutions receiving assistance from the foregoing agences.” 

Sec. 4. It is necessary in order to carry out the policies of S. Res. 186, Highty- 
sixth Congress, and of this Act to have the National Science Foundation carry 
out, under laws, as amended, relating to such Foundation, specified duties as 
part of the general program for the development of the marine sciences in the 
United States. Appropriations authorized in this section shall be in addition 
to other appropriations provided for such Foundation to carry out its duties 
under law. There is hereby authorized to be appropriated to the National Science 
Foundation, during the ten-year period beginning with July 1 of the first fiscal 
year following approval of this Act by the President, the following sums: 
ae) The sum of $9,950,000 for the construction of oceanographic research 

ships; 
(b) The sum of $12,440,000 for the operation of oceanographic research ships 

eonstructed under this Act; 
(ec) The sum of $8,250,000 for construction of shore facilities for oceanographic 

research ; 
(d) The sum of $37,200,000 for basic oceanographic research operations: 

Provided, however, That the expenditure under this subsection (d) shall not 
exceed $8,000,000 in any one year of the ten-year program. 

(e) Such sums as may be adequate for specialized equipment for ocean ex- 
ploration and research which may include bathyscaphs and other manned 
submersibles, manned and unmanned buoys, icebreakers and submarines con- 
verted for scientific use, acoustic telemetering devices, current meters, direct 
density measuring devices, cameras and underwater television, seismic equip- 
ment, turbulence measuring devices, biological sampling devices, precision 
salinometers, precision echo sounders, towed temperature recorders, mag- 
netometers and other instruments and laboratory equipment: Provided, however, 
That expenditures under this subsection (e) shall not exceed $10,000,000 in 
any one year of the ten-year program. 

(f) The sum of $3,000,000 for fellowships to graduate students training to 
become professional oceanographers: Provided, however, That annual costs of 
these fellowships shall not exceed $300,000. 

’ BUREAU OF MINES AND BUREAU OF COMMERCIAL FISHERIES, DEPARTMENT OF THE 

, INTERIOR 

Sec. 5. The Secretary of the Interior is authorized and directed, with such 
funds as may be appropriated or otherwise made available to him, to undertake 
a ten-year program of study and research as part of the general program for the 
development of the marine sciences in the United States. In furtherance of the 
purposes of this Act, the Secretary is authorized and directed to carry out, in 
addition to programs now underway, the following activities: 

(a) Make grants of funds to qualified scientists, research laboratories or 
institutions in furtherance of the purposes of this Act, such grants to be used 
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for basic and applied research programs, the purchase of equipment, acquisition 
or improvement of facilities, and for other uses necessary to carry out the work 

hereunder. 
(b) Initiate and carry out a program for the replacement, modernization and 

enlargement in the number of oceangoing ships being used for research, explora- 
tion, surveying and the development of marine resources. 

(c) Construct and operate a sufficient number of shore facilities and labora- 
tories to support effectively the vessels provided for under the preceding 

item (b). 
(d) Cooperate with other departments and agencies in the conduct of ocean- 

wide surveys from which data relative to the study of ocean resources may be 
obtained. 

(e) Conduct studies concerning the relation of marine life to radioactive ele- 
ments, such studies to be directed toward determining the effect of distribution 
of radioactive elements in the sea on living marine organisms, and other such 
studies as the Secretary deems necessary to understand and evaluate the rela- 
tion of radioactivity to the inhabitants of the marine environment. 

(f) Conduct studies of the economical and legal aspects of commercial fish- 
eries and the utilization of marine products. 

(g) Request and obtain cooperation from other governmental agencies having 
an interest in the marine sciences, and cooperate with the several States, educa- 
tional institutions, laboratories devoted to fishery research, marine science, 
oceanography, and with other public and private organizations and persons who 
may be of assistance. 

‘(h) Determine the reserves of metals of industrial, commercial or monetary 
value in or beneath adjacent waters, and to ascertain techniques and probable 
costs of their recovery and extraction. 

(i) Take such action and carry out other activities which he finds will accom- 
plish the purposes of this Act. 

Src. 6. It is necessary in order to carry out the policies of S. Res. 136, Highty- 
sixth Congress, and of this Act to have the Department of the Interior and its 
Bureaus and Offices carry out, under laws relating to such Department and its 
Bureaus and Offices, specified duties as part of the general program for the 
development of the marine sciences in the United States. Appropriations au- 
thorized in this section shall be in addition to other appropriations provided for 
such Department to carry out its duties under law. ‘There is hereby authorized 
to be appropriated to the Bureau of Mines and the Bureau of Commercial Fish- 
eries, Department of the Interior, during the ten-year period beginning with July 
1 of the first fiscal year following approval of this Act by the President, the 
following sums: 

(a) Such sums as may be necessary for construction of new ships for fisheries 
exploration and research: Provided, however, That in the construction of these 
Ships, modern fisheries exploration and research vessels of other nations shall 
be studied with respect to design and performance with a view to increasing 
es lseaworthiness, range, and efficiency of the United States fisheries research 
eet. 
(b) Such sums as necessary for operation of new fisheries research and explo- 

ration ships: Provided, however, That operation costs for new research ships 
placed in operation by the Bureau of Commercial Fisheries not aggregate in 
excess of $2,000,000 per annum: Provided further, That in planning operations 
of the new research and exploration Ships of the Bureau of Commercial Fisheries, 
the Secretary of the Interior shall give full consideration to the needs for such 
operation in the Gulf of Mexico, Bering Sea, other ocean areas of potential com- 
mercial importance, and the Great Lakes. 

(c) Such sums as the departments deem adequate for capital expenditures 
in inaugurating, developing, or expanding new ocean resource studies and sur- 
veys, or constructing or procuring facilities for such studies including, but not 
limited to, unmanned buoys for automatic continuous oceanographic records, 
mesoseaphs for biological observations, automatic continuous plankton samplers, 
oceanaria and instrumentation for studies of marine life behavior, laboratories 
for research into marine survival, and establishment of an institute for research 
on diseases of fish, shellfish, and other marine life: Provided, however, That in 
constructing or procuring facilities for ocean resource studies, and in inaugurat- 
ing such studies, full consideration be given to the fisheries resources of the 
Pacific and Atlantic Oceans north of 40 degrees north latitude, between 15 
degrees and 40 degrees north latitude, the Gulf of Mexico, Bering Sea, other 
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ocean areas of potential commercial value, and the Great Lakes, and that such 

facilities be located where they may provide maximum benefits to fishermen and 

other citizens residing in the United States. 
(d) Such sums as are necessary for operations, excluding ship operations, of 

fisheries resource studies including, but not limited to, those stated above in 

(c) marine population sampling, biological surveys, ecological mapping, taxo- 

nomic development, genetics of marine organisms, pond fish culture and braking 

water farming, estuarine studies, transportations and nutrient increase research : 

Provided, however, That expenditures for operations of new resources studies by 

the Bureau of Commercial Fisheries of the Department of the Interior not exceed 

$10,000,000 per annum. 
(e) The sum of $6,500,000 for continuing studies over a ten-year period of utili- 

zation of marine products for human consumption, animal feeds, industrial pur- 
poses, fertilizers and organic chemicals, and the development of new uses of 
marine products: Provided, however, That in directing these studies the Secre- 
tary of the Interior shall give full consideration to their being carried on in 
existing institutions through the issuance of grants to said institutions, for 
continuing studies over a ten-year period of the economics and law of commercial 
fisheries and for the investigation of the mineral deposits on the ocean floor and 
mineral resources in the sea. 

DEPARTMENT OF COMMERCE 

Sec. 7. The Secretary of Commerce is authorized and directed, with such 
funds as may be appropriated or otherwise made available to him, to under- 
take a ten-year program of study and research as part of the general program 
for the development of the marine sciences in the United States. In further- 
ance of the purposes of this Act, the Secretary is authorized and directed to 
earry out the following activities : 

(a) Request and obtain cooperation from other Government agencies having 
an interest in the marine sciences and ocean surveys, and cooperate with edu- 
eational institutions and laboratories devoted to the marine sciences and ocean- 
ography, and with other public and private organizations and persons who may 
be of assistance. 

(b) Establish within the Department of Commerce a National Oceanographic 
Records Center, which records center shall collect from other agencies and 
departments of the Federal Government, agencies of the several States, ocean- 
ographie institutions and laboratories and other sources all oceanographic data, 
and prepare and disseminate such oceanographic data for public use. 

(c) Initiate and carry out a program for the replacement, modernization and 
enlargement in the number of oceangoing ships for use in ocean and coastal 
surveys by the Coast and Geodetic Survey. 

(d) Construct and operate a sufficient number of Coast and Geodetic 
Survey shore facilities to support effectively the vessels provided for under 
the preceding item (a), and provide instruments and equipment essential for 
efficient utilization of such shore facilities or survey ships. 

(e) Inaugurate in the Weather Bureau a comprehensive ten-year study of 
the interchange of energy between the oceans and the atmosphere, and to pre- 
pare, based on such study, climatological maps illustrating the balance of in- 
coming and outgoing radiation and heat exchange between the oceans and the 
atmosphere. The provisions of this subsection (e) may be carried out by 
means of contracts with public or private organizations, or by grants to scientific 
institutions carrying on such studies. 

(f) Require that the Maritime Administration construct ships of approximately 
five hundred tons and one thousand two hundred to one thousand five hundred 
tons displacement specifically designed for basic oceanographic research with 
due attention given to suitable arrangements of laboratory space and living 
quarters for scientists, space and power for winches and other auxiliaries, sea 
keeping and handling qualities at low speeds, quiet operation, efficient and eco- 
nomical scientist-crew ratios, and operation in all kinds of weather, such ships, 
when completed, to be made available, at the discretion of the Secretary, to 
nonprofit oecanographic research centers, to other agencies of the Federal Gov- 
ernment, or, pursuant to negotiated contracts or grants, to State institutions 
engaged to oceanographic research requiring oceangoing scientific ships, with 
ee to such institutions which have engaged in such research prior 
0 this Ac 
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Src. 8. It is necessary in order to carry out the policies of S. Res. 136, Highty- 
‘sixth Congress, and of this Act to have the Department of Commerce and its 
Bureaus and Offices carry out, under laws, as amended, relating to such Depart- 
“ment or such Bureaus and Offices, specified duties as part of the general program 
for the development of the marine sciences in the United States. Appropriations 
‘authorized in this section shall be in addition to other appropriations provided 
for such Department to carry out its duties under law. There is hereby author- 
‘ized to be appropriated to the Department of Commerce and its Bureaus and 
‘Offices, during the ten-year period beginning with July 1, of the first fiscal year 
following approval of this Act by the President, the following sums: 

(a) The sum of $250,000 for capital outlay in the establishment of a National 
Oceanographic Records Center. 

(b) Such sums as are necessary for operating expenses of a National 
Oceanographic Records Center: Provided, however, That expenses for this pur- 
pose during the first year not exceed $100,000, and that this amount shall not 
be increased more than 10 per centum per annum in each of the subsequent 
years of this program. 

(c) Such sums as are necessary for construction by or for the Coast and 
Geodetic Survey of two survey ships of five hundred tons displacement, six survey 
ships or one thousand two hundred to one thousand five hundred tons displace- 
ment, and two survey ships of two thousand tons displacement or more. 

(d) Such sums as are necessary for operations of new Coast and Geodetic 
Survey survey ships authorized under this Act during the ten-year life of this 
program— 

for construction of new shore facilities for processing and evaluating 
Coast and Geodetic Survey data obtained through surveys and related re- 
search conducted from new oceangoing Coast and Geodetic Survey ships; 

for expanded operations, excluding ship operations, of the Coast and 
Geodetic Survey during a ten-year period ; and 

for establishment and operations of a ten-year study of the interchange 
of energy between the oceans and the atmosphere. 

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, OFFICE OF EDUCATION 

Sec. 9. The Secretary of Health, Education, and Welfare is authorized and 
directed, with such funds as may be appropriated or otherwise made available 
to him, to undertake a ten-year program of obtaining new faculty in oceanog- 
raphy and marine sciences as part of the general program for the development of 
the marine sciences in the United States. In furtherance of the purposes of this 
Act, the Secretary is authorized to provide assistance through the Office of 
Education in the form of teacher salaries and equipment. 

Sec. 10. It is necessary in order to earry out the policies of S. Res. 1386, 
Highty-sixth Congress, and of this Act to have the Office of Education, Depart- 
ment of Health, Hducation, and Welfare carry out, under laws relating to such 
Department or Office, specified duties as part of the general program for the 
development of the marine sciences in the United States. Appropriations 
authorized in this section shall be in addition to other appropriations provided 
for such Department or Office to carry out its duties under law. 

ATOMIC ENERGY COMMISSION 

Src. 11. In furtherance of the policies in 8S. Res. 186, Highty-sixth Congress, 
and of this Act, and for the purpose of determining the effects of radioactive 
contamination upon the oceans and life within the oceans and their estauries, 
and for regulating in the interests of public safety, health and welfare, the intro- 
duction of radioactive materials in the oceans, the Atomic Energy Commission 
is hereby authorized to conduct, in the marine environment, an intensive ten-year 
program of control and monitoring of radioactive waste disposal and studies 
including, but not limited to, circulation and mixing processes which affect the 
dispersion of introduced contaminants in coastal and estuarine environments 
and in the open ocean, inorganic transfer of radioactive elements from sea- 
water to sediments, the effect of radioactive elements on living organisms in 
the oceans, coastal waters and estuaries and the genetic effects of radiation on 
such organisms. The Atomic Energy Comission is further authorized to carry 
out any of its duties or functions under this or other Acts, including the use of 
scientific ships and personnel, in cooperation with other agencies of the Fed- 
eral Government, or through contracts with or grants to State institutions or 
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independent scientific laboratories undertaking or equipped to undertake such 
programs: Provided, however, That those aspects of the program relating to 
regulating and monitoring the introduction of radioactive material in the 
ocean shall be carried out by the Coast and Geodetic Survey or the Public 
Health Service, or both, with funds made available by the Atomic Energy Com- 
mission. 

Sec. 12. It is necessary in order to carry out the policies of S. Res. 136, 
Highty-sixth Congress, and of this Act to have the Atomic Hnergy Commission 
earry out, under laws relating to such Commission, specified duties as part 
of the general program for the development of the marine sciences in the 
United States. Appropriations authorized in this section shall be in addition 
to other appropriations provided for such Commission to carry out its duties 
under law. There is hereby authorized to be appropriated to the Atomic Energy 
Commission, during the ten-year period beginning with July 1 of the first fiscal 
year following approval of this Act by the President, the following sums as are 
necessary— 

for engineering studies in connection with control and monitoring as 
authorized in section 11 of this Act: Provided, however, That expenditures 
for this purpose not exceed $370,000 in any one year of the ten-year program 
authorized by this Act; 

for participating in international meetings of scientists and technical 
experts relating to international control and monitoring of radioactive waste 
disposal in the marine environment: Provided, however, That expenditures 
for this purpose not exceeded $30,000 in any one year of the ten-year 
program; 

for estuarine and coastal studies authorized in section 12 of this Act: 
Provided, however, That expenditures for this purpose not exceed $2,800,000 
in any one year of the ten-year program of estuarine and coastal studies 
authorized by this Act; 

for research to determine circulation and mixing processes which control 
the dispersion of radioactive wastes introduced in deep waters of the open 
ocean: Provided, however, That the expenditures for this purpose by the 
Atomic Energy Commission not exceed $1,400,000 per annum ; 

for studies of the inorganic transfer of radioactive elements from sea 
water to the sediments: Provided, however, That expenditures by the Atomic 
Energy Commission for this purpose not exceed $484,000 in the first year 
of the program or $299,000 in subsequent years of this ten-year period; 

for studies of the effects of the biosphere on the distribution and circula- 
tion of radioisotopes in the ocean and its seas: Provided, however, That ex- 
penditures by the Atomic Hnergy Commission for this purpose not exceed 
$938,000 per annum ; 

for studies of the genetic effects of atomic radiations on marine organ- 
isms: Provided, however, That expenditures by the Atomic Energy Com- 
mission for this purpose not exceed $100,000 per annum: 

for field experiments in confined bodies of water utilizing radioisotopes: 
Provided, however, That expenditures by the Atomic Hnergy Commission 
for this purpose not exceed $100,000 per annum ; and 

for two major open-sea tests of radiological contamination at sea, its ef- 
fects on marine life, and its potential effects on humanity. 

DEPARTMENT OF THE NAVY 

Sec. 13. In order to carry out the policies of S. Res. 136, Highty-sixth Con- 
gress, of this Act and of the Navy’s long-range program for oceanographic re- 
search known as TENOC, the Secretary of the Navy is authorized and directed 
to undertake a ten-year program of expanded basis oceanographic research and 
hydrographic surveys as a part of the general program for the development of 
the marine sciences in the United States. The Secretary is authorized and di- 
rected with such funds as may be appropriated or otherwise made available to 
him for purposes of this Act, to carry out the following activities: 

(a) Make grants of funds to scientists, research laboratories, or institutions 
in furtherance of the purposes of this Act, such grants to be used for the pur- 
chase of equipment, acquisition or improvement of facilities, employment of 
Scientists and ees ne! and for other uses necessary to carry out the work 

hereunder. 
(b) Initiate and carry out a ten-year program for the replacement, modern- 

ization, and enlargement in the number of ships for use in basic research and 
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hydrographic surveys, and to supply, when available, ships designed for basic 

research to nonprofit scientific institutions: Provided, That when ships are sup- 

plied under this provision title to the ships shall remain with the United States 

Government and the ships shall be reassigned or returned to Federal operation 

upon termination of the grant or contract with the institution. his 

(c) Construct and operate a Sufficient number of shore facilities and labora- 

tories to support effectively the expanded program of basic oceanographie re- 

search and hydrographic surveys authorized for the Department of the Navy 

to undertake under this Act. 
(d) Develop, construct, or acquire new or improved vehicles for ocean re- 

search and exploration, including but not limited to bathyscaphs and other 

manned submersibles, icebreakers and submarines converted for scientific use, 

seismic equipment, turbulence measuring devices, precision echo sounders, acous- 
tic telemetering devices, and instruments for the study of the current structure 
of the ocean, oceanic temperatures, bottom topography, sediments, heat flow 
through the ocean bottom, sound transmission and velocities, ambient noise, 
biological activity and specimens, and water samples for salinities, phosphates, 
oxygen, nitrates, and other chemical or elemental components of the oceans. 

(e) Continue and expand the Navy’s support of civilian oceanographic labora- 
tories as proposed in project TENOC approved by the Chief of Naval Opera- 
tions, and substantially similar to the recommendations made in the report of 
the Committee on Oceanography of the National Academy of Sciences—National 
Research Council. 

(f) Establish with the National Science Foundation or the National Academy 
of Sciences—National Research Council—a program of scholarships for selected 
students beginning at the senior level in undergraduate school, and carrying 
through with four years of graduate training and research in the marine 
sciences: Provided, That the Department of the Navy may recommend to the 
National Science Foundation the institutions qualified to participate in this 

program. 
(g) Conduct a systematic and expanded program of three-dimensional ocean 

surveys including measurements or studies of depths, salinity, temperature, 
current velocity, wave motion, magnetism and biological activity. 

(h) Continue a policy of expanding assistance and support to existing civilian 
laboratories and universities engaged in basic oceanographic research, foster the 
establishment and growth of new civilian laboratories for applied oceanographic 
research needed by the Navy. In the designation of new laboratories to receive 
Navy assistance consideration shall be given to oceanographic location with ref- 
erence to the oceans, with the object of maintaining a balanced program of 
research in and adjacent to the seas and oceans bordering the United States. 

(i) Request and obtain cooperation from other governmental departments 
and agencies having an interest in the marine sciences, and to cooperate with the 
several States, with educational institutions, laboratories, and other public and 
private organizations and persons who may be of assistance. 

Sec. 14. It is necessary in order to carry out the policies of S. Res. 136, 
Highty-sixth Congress, of this Act and of the Navy’s long-range program for 
oceanographic research known as THNOC to have the Department of the Navy 
earry out, under laws relating to such Department, specified duties as part of 
the general program for the development of the marine sciences in the United 
States. Appropriations authorized in this section shall be in addition to other 
appropriations provided for such Department to earry out its duties under law. 
There is hereby authorized to be appropriated to the Department of the Navy, 
during the ten-year period beginning with July 1 of the first fiscal year follow- 
ing approval of this Act by the President, such sums as are necessary— 

for the construction of nine one thousand two hundred to one thousand 
five hundred-ton displacement research ships: Provided, however, That not 
more than two of these ships shall be built the first year of the program; 
two in the second year; one in the third year; two in the fourth year, and 
one in succeeding years of the program; 

for the construction of four two thousand to three thousand-ton displace- 
ment research ships: Provided, however, That not more than one such ship 
Shall be built in any one year of the ten-year program ; 

for the construction of two survey ships of approximately five hundred- 
ton displacement ; 

for the construction of five survey ships of one thousand two hundred to 
one thousand five hundred-tons displacement: Provided, however, That not 
more than two of these survey ships shall be built in any one year; 
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for the construction of three survey ships of two thousand tons displace- 

ment ; 
for the construction of one research ship of three hundred-tons displace- 

ment ; 
for operations of basic research ships in excess of present operating costs 

for such ship operations: Provided, however, That the operating costs of 

new one thousand two hundred to one thousand five hundred-ton research 

ships not exceed $420,000 each per annum; that that of the two thousand 

to three thousand-ton ships not exceed $700,000 each per annum, and that 
of the five hundred-ton ships not exceed $250,000 each per annum ; 

for construction of new shore facilities for basic research ; 
for basic research operations other than ships; 
for construction of new shore facilities for survey work ; 
for engineering needs for ocean exploration and research which may in- 

clude bathyscaphs and other manned submersibles to be used for research, 
manned and unmanned buoys, icebreakers and submarines modified or 
converted for scientific use, acoustic telemetering devices, current meters, 
direct density measuring devices, cameras and underwater television, seismic 
equipment, turbulence measuring devices, biological sampling devices, pre- 
cision salinometers, precision echo sounders, towed temperature recorders, 
magnetometers and other instruments and laboratory equipment for oceano- 

graphic research ; and 
for establishing a program of scholarships for selected students as au- 

thorized in section 13(f) of this Act: Provided, however, That costs to the 
Department of the Navy of these fellowships not exceed $300,000 per annum. 

GENERAL 

Src. 15. (a) Nothing in this Act shall operate to limit, restrict, or otherwise 
interfere with carrying out any work programed prior to enactment. 

(b) All appropriations authorized in this Act shall be in addition to other 
appropriations provided for the various departments, agencies, bureaus, and 

offices to carry out their duties under law. 

The Cuarrman. This is the first of several hearings to weigh the 
importance of the oceans and the Great Lakes to our security, welfare, 
and economy; the adequacy of our scientific knowledge of these deep 
waters, and what, if it is not adequate, we should do about it. 

Except for the 28-mile thread of land at the Isthmus of Panama we 
are literally living on an island—a continental island less than 5 
percent of the earth’s surface. 
We share this island with Canada, Mexico, and the small Central 

American Republics, and its total population is less than 10 percent of 
that of the world. | 

Outside the continental island we call North America the closest 
nation to us is not England, or Iceland, or France, or even Cuba. 
It is Soviet Russia which at its nearest mainland point is only 53 
miles from our 49th State. No nation of the free world except Canada 
and Mexico is that close. 

Our ocean coastline is 12,255 miles long, and that of Canada is even 
longer. We are the only nations in the world with three oceans wash- 
ing our shores, a circumstance that in this scientific age can prove 
either a tremendous asset or a fearsome menace. 

The oceans are deep, dark, and mysterious. It has been fre- 
quently said that we know less about the 71 percent of earth’s sur- 
face which they cover than we know about the back side of the moon. 

Our witnesses today are scientists. ‘They are members of the Com- 
mittee on Oceanography of the National Academy of Sciences or of 
special panels of the committee. 

Collectively they perhaps know more about thé oceans than any 
similar group of scientists that could be assembled at one time in the 
United States. 
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Equally important to their knowledge of the oceans is their com- 
plete awareness of what is now known about the oceans, and what is 
yet to be developed and discovered by scientific research and surveys. 

That is what we are here to find out. To develop effective and 
constructive legislation we must take inventory of not only the basic 
facts about the oceans which are available to us, but of the gaps which 
exist in that knowledge. 
We must appraise this knowledge of ours or absence of knowledge 

in relation to our commerce, communications, prosperity, health, 
climate, and national defense—yes, and in relation to the future peace 
of the United States and the free world. 
We must determine our marine responsibilities and plan our course 

of congressional action in the light of what other nations are doing 
in the distinctive field of marine science, and particularly in the light 
of what the hostile or unfriendly nations alined against us are doing 
in the field. 

In an article in a recent issue of U.S. Naval Institute proceedings 
a fighting officer of World War II and the Korean conflict, Capt. 
Daniel J. Carrison, U.S. Navy, reports: | 

The Soviet oceanographic research program far surpasses that of the free 
world. 

Elsewhere he relates what we all know, that Russia has the world’s 
largest submarine force and what I am sure is not widely known, that 
Red China ranks fourth in undersea power. These two nations share 
most of the other side of the Pacific Ocean. 

Witnesses at today’s hearing undoubtedly will tell us the relation 
between marine scientific research and development and submarine 
operation, and what it means also in terms of protection against and. 
detection of enemy submarines. 

Before the conclusion of these hearings, I think it will be amply 
demonstrated that not only the United States, but the entire free 
world has a vital stake in expanding our marine research. 

As I stated several weeks ago in a talk before the Franklin In- 
stitute of Philadelphia, Russia’s dominion over the oceans would give 
her control of 95 percent of the earth’s surface and imperil the remain- 
ing 5 percent with ballistic missiles fired from submarines hovering 
along the Continental Shelf. 

Control of the oceans would enable the Communist bloc to frag- 
mentize the free world alliance, cut the lifelines to the United States, 
and block the supply lines from the United States to our oversea 
allies and bases. 

Soviet Russia then would have the power to terminate our assistance, 
both military and economic, to other contries at the whim of the 
ea and to bully and blackmail the nations to which that aid 
as gone. 
The Committee on Oceanography, members of which appear here 

today, issued its first report over a year ago and has since issued eight 
additional reports on special phases of the proposed program. Three 
reports remain to be published. They are “Oceanographic Research 
for Defense Applications,” “History of Oceanography,” and “Ocean- 
wide Surveys.” We will hear the substance of these forthcoming re- 
ports at these hearings. 
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. Shortly after issuance of the initial report the Committee on Inter- 
state and Foreign Commerce unanimously approved and the Senate 
adopted Senate Resolution 136 commending the Committee—the out- 
side committee—on Oceanography and its objectives. 

At the close of the first session of the present Congress, 13 Senators, 
including myself, introduced S. 2692, designed to implement the major 
recommendations of the Committee on Oceanography calling for a 
comprehensive 10-year program of oceanographic research and sur- 
veys. 
eat this bill, like most legislation when first drafted, can 

be improved as a result of the advice and counsels obtained during the 
course of these hearings, but I submit that the basic purpose of the 
proposed measure must stand. 1 

That purpose is to assure the United States a fund of scientific 
knowledge of the oceans, their estuaries, and the Great Lakes second 
to that of no other nation, to provide the facilities for obtaining that 
knowledge, and to encourage the education and training of an adequate 
number of scientists and technicians to assemble that knowledge and 
to make maximum use of it after it is obtained. 

This. program, as envisioned by the Committee on Oceanography 
and in 8S. 2692, would entail an annual expenditure of about $65. 
million. Is such an expenditure justified ? 

' That question will, I believe, be resolved to the satisfaction of this 
committee during the course of these hearings. It must be weighed 
from the standpoint of both military and peacetime benefits. In time 
of war, I think it will be ably demonstrated, the benefits accruing 
from this program of oceanographic research would be incalculable. 
They could well spell the difference between defeat or victory, between 
death or survival. In times of peace, in my opinion, the returns from 
such an investment in scientific knowledge will many times repay the 
anticipated expenditure. 

There came to my desk today a thick book titled “Marine Boring 
and Fouling Organisms,” edited by Dr. Ray, one of our prospective 
witnesses. 

In this book I read the surprising statement that marine animals 
that burrow into piles, floats, wooden drydocks and ships’ bottoms 
cause more than half a billion dollars damage annually in the United 
States alone, a considerable amount of this to Navy ships and installa- 
tions. Marine biologists are working on the problem. 

Seaborn hurricanes, a combined oceanographic-meteorological prob- 
lem of great magnitude caused damage estimated by the Weather 
Bureau at $2,837 million to coastal property of the United States: 
between 1915 and 1955, and during the past 4 years caused damage 
aggregating $205 million despite improved warning service. Ocea- 
nographers are learning much about the phenomena that causes these. 
disastrous hurricanes. This promises much for commerce and coastal 
enterprises. 

With mounting population and demand for protein-rich fisheries 
products our domestic catch is dropping while that of Soviet Russia 
has doubled in the past 6 years. American canned salmon production 
has fallen from 207 million pounds in 1950 to only 118 million pounds 
in 1959. The tuna catch of 399 million pounds in 1950 was down to 
285 million pounds last year. Ground fish dropped from 187 million 
pounds in 1950 to 91 million in 1959, or less than half that 10 years 

55401—60——2 
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ago. Today 45 percent of all our food fish are imported ; 10 years ago 
only 18 percent of the fisheries products we consumed were brought in 
from abroad. ' 
Some of the causes are economic, and S. 2692 calls for economic 

studies in addition to scientific research. It is our hope that this will 
help restore a billion dollar industry that gives employment in normal 
years to half a million citizens of our Nation. 
We all know of the fearful destruction that can be caused by tidal 

waves, or tsumami as they are known to scientists. That at Hilo, 
Hawaii, in 1946 caused a heavy loss of life and $17 millon damage. 
But in addition to these earthquake-induced catastrophes normal wave 
action each year causes property losses in the United States estimated 
at more than $15 million. 

The Beach Erosion Board of the Corps of Engineers is now making 
significant contributions toward mitigating this damage. 

I could go on with many other illustrations of the peacetime bene- 
fits that can be achieved by a comprehensive and coordinated long- 
range program of marine research and surveys. But I shall now 
turn this hearing over to the testimony of scientists who have come 
here from California, Maine, Washington, Florida, and four other 
States which have a direct and immediate interest in advancement of 
the marine sciences. 

The first witness will be Athelstan Spilhaus of the University of 
Minnesota. 
(A biographical sketch of Dr. Spilhaus follows :) 

ATHELSTAN FREDERICK SPILHAUS, D. Sc. 

Born: Cape Town, Union of South Africa, November 25, 1911; son of Karl 
Antonio and Nellie (Muir) Spilhaus. 

Education: B. Se., University of Cape Town, 1931; S.M., Massachusetts In- 
stitute of Technology, 1933; D. Sc. University of Cape Town, 1948. 
Came to United States 1931; naturalized in 1946. 
Research assistant, Massachusetts Institute of Technology, 1933-35 research 

on aeronautical and meterological instruments. 
Assistant Director of Technical Services, Union of South Africa Defense 

Forces, 1935-36. Initiated first upper air meteorological investigations in South 
Africa. 

Research assistant in oceanography, Woods Hole Oceanographic Institution, 
1936-37. Model experiments in oceanography and development of bathytherm- 
ograph. 

New York University, meteorology, assistant professor 1937, associate pro- 
fessor 1939, professor 1942-48. Started new Department of Meteorology at 
New York University and was chairman from 1988 to 1947. 

Investigator in physical oceanography, Woods Hole Oceanographic Insti- 
tution, 1988 to date. Development and use of rapid measuring oceanographic 
instruments. 

U.S. Army Air Forces, 1943-46. Research and development of meteorological 
equipment. Contributed to radar and radio upper wind finding, sferics, and 
meteorological instruments for measurements from aircraft in flight. Awarded 
Legion of Merit, 1946. 

Director of research, New York University, 1946-48. Developed research di- 
vision, covering fields of engineering and physical sciences. 

Meteorological adviser to Union of South Africa Government, 1947. Re- 
organization of meteorological services. 

Dean, Institute of Technology, University of Minnesota, since January 1949. 
Scientific director of weapons effects of two Nevada atomic tests, 1951, and 

consultant, Armed Forces Special Weapons Project, Department of Defense. 
Recipient, Exceptional Civilian Service Medal, U.S. Air Force, 1952. 
Member of the Baker Mission to Korea, July 1952 (civilian scientific mission 

sent by U.S. Army). 
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Fellow, Royal Meteorological Society ; member, Royal Society of South Africa; 
fellow, American Rocket Society ; member, American Geophysical Union; mem- 
ber, American Meteorological Society ; member, American Society of Limnology 
and Oceanography ; registered professional engineer (Minnesota) and member, 
Minnesota Society of Professional Hngineers; member, American Society for 
Engineering Education. Member, Sigma Xi, Tau Beta Pi. 

Currently: Member, Advisory Panel on General Sciences, Office of the Secre- 
tary of Defense. 

Member, U.S. National Committee for the International Geophysical Year, 
National Academy of Sciences-National Research Council (NAS-NRC). 

Member, USNC Technical Panel on the Earth Satellite, IGY. 
Member, Committee on Oceanography, NAS-—NRC. 
Member, Committee on Polar Research, NAS-NRC. 
Member, U.S. National Commission, UNESCO. 
Member, Board of Trustees, and Chairman, Scientific Advisory Committee, 

Woods Hole Oceanographic Institute. 
Inventor of the bathythermograph. 
Author: “Workbook on Meteorology,” “Meteorological Instruments,” ‘‘Wea- 

thereraft,” “Satellite of the Sun,” “Turn to the Sea.” 
“Our New Age” (with Earl Cros), a weekly Sunday feature on science, and 

numerous articles in scientific journals. 

STATEMENT OF ATHELSTAN SPILHAUS, UNIVERSITY OF 

MINNESOTA 

Mr. Srinuaus. Mr. Chairman and Senators, I am Athelstan 
Spilhaus, dean of the Institute of Technology at, the University of 
Minnesota, a distinguished institution about as far from the oceans 
in any direction as you can get in North America. 

Mr. Chairman, I am also associated and have been since 1934 with 
the Woods Hole Oceanographic Institution of which I am presently 
a trustee. 

I am deeply convinced that our Nation must stimulate and develop 
a broad thoroughgoing research program in all phases of oceanog- 
raphy, not only to secure our security by surveillance under the 
waters to lessen the danger of war, but also as an immense potential 
contribution to the national economy, to take our place in oceanog- 
raphy as a leader in this science, and to use research in the seas which 
are owned by no nation to lessen international tensions and promote 
cooperation between all the nations that border the seas. 

The report of the National Academy of Sciences Committee on 
Oceanography has been prepared, as you said, Mr. Chairman, in about 
12 chapters. The task that Dr. Harrison Brown set for his col- 
leagues on the committee was no light one and was not taken so by 
any one of us and could not be accomplished properly in less than the 
2 years that we have been working. 

It involved visiting various oceanographic institutions, talking with 
all Government agencies concerned, collecting data preparatory to 
discussions and analysis culminating i in the preparation of a series of 
reports. 
oe on today, after Mr. Sumner Pike and I have introduced 

and summarized the recommendations, various members of our com- 
mittee will present aspects of the total program in detail. 

Shortly after World War IT a cartoon appeared in the New Yorker 
magazine which depicted an encyclopedia salesman with his foot m 
the door trying to sell a housewife with the phrase, ‘For instance, 
what do you know about oceanography ?” 
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Up to that time most people hadn’t even heard of oceanography 
nor could they pronounce the word. Now it is in truth a household 
word, not only in those States along our great coastline, but right to- 
the middle of our country where I live. 
You might ask why there has been this sudden increase in interest. 

in the oceans and why it came at this particular period. I think 
there are several answers. 

Laboratory science has developed new techniques and methods. 
which we can apply to the sea. Engineering advances have produced 
vehicles not hitherto available which make it possible to explore the 
sea more thoroughly. 

Moreover, scientists in recent years in many different fields have 
shown an awakening interest in the history of our planet, the history 
of the universe, the origin of life and its development. 

One might say that these huge and wonderfully intriguing ques-- 
tions are the central ones of all science. 

But this awakening means that now the most distinguished and 
imaginative minds in many, many different branches of science are- 
finding that the oceans are a place to turn to apply their knowledge: 
in order to find some of the answers which, fitted together, will some: 
day tell this history. 

Curiously enough, with our new vehicles and new techniques, many 
geophysical studies can be better carried out at sea than in man’s: 
natural habitat on land. For the history of the earth, the sea pre- 
serves records in its sedimentary layers like the pages of a book except 
that ocean sediments are less subjected to the weathering and other- 
changes that make it difficult to interpret the history locked up in the: 
rocks on land. 

For the history of the universe, earth is our handy laboratory.. 
The same laws that govern the universe govern processes on our planet.. 
If we can understand these processes on earth, it will help us to- 
understand the universe and space. 

As to the origin of life and its development, life started in the sea: 
and biological and ecological studies which relate to the oceans are- 
fundamental in the understanding of all life, including our own,. 
and including the life of organisms in other environments such as: 
space and other planets. 

The various phases of the oceanographic program that you will 
hear about from my distinguished colleagues will fall into one or the- 
other of these five broad categories. 
Under “observation” we will hear about oceanwide surveys, new 

devices for observation, research ships and the like. 
Under “understanding,” we will hear about the basic research: 

that is necessary to analyze the observational data and the research 
that is necessary to design further experiments to answer special 
questions which in turn will call for new kinds of observations. 
i These two categories are followed by “prediction,” “control” and’ 
use. 
Now, ocean resources, that is, conservation, exploitation and their 

contribution to our economy, to our defense applications, and aspects: 
of radioactivity all fall under the various broad categories of predic- 
tion, control and use. 

Finally, on the ways and means of carrying out a program of this 
magnitude, my colleagues will talk about how in the vast oceans we: 
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can pay attention to the manpower requirements. We have in our 
committee paid great attention and laid stress on the importance of 
the educational manpower requirements and on the importance of 
sharing this vast task internationally. 

International cooperation will help us get the job done and will 
provide yet another way for us to strengthen ties of friendship with 
other nations. 
We are also prepared to tell you a little of the history of ocean- 

ography which is but a prelude to what will come and sets it in its 
proper perspective. Or, as the taxidriver explained the inscription 
on the Archives Building here in Washington, in oceanography, like in 
anything else, “you ain’t seen nothing yet.” 

For observation, we must have survey ships to give us an overall 
picture of what the oceans are like. They are so vast that our igno- 
rance about them is abysmal. 

In recommending increased emphasis for oceanography, I think it is 
well to point out that the fruits of this work will aid in the under- 
standing and exploration of space. Just as we know that byproducts 
from the space program will help us to understand the oceans. For 
instance, the exploration of Antarctic waters with days of cloud cover 
is made extremely difficult by lack of navigational facilities. It is 
no use measuring precisely what is there in the oceans if we don’t 
know where we are. If we don’t know where “there” is. 

The great achievement in the last few weeks of launching the first 
navigational satellite is the first step to lick this problem. Now, ships 
in all waters of the world will have a true lighthouse in the sky that 
clouds and storm cannot obscure. But in oceanography, our vessels 
will need the receivers and computers to interpret the radio signals, 
to understand the language of the satellite lighthouse. 

For research observations too, we must also have surface ships. 
These differ from survey vessels in that the observations they make are 
designed to answer a specific question that some scientist proposes to 
ask the sea. 

For oceanographic observations in the past, because the effort was so 
‘small, oceanographers have of necessity had to employ instruments 
built with their own stubby fingers. These have been imaginative and 
useful, but we now come to the time when the task is too great and 
when we should lean on the tremendous strength of our American 
engineering and productive capability to provide our newer instru- 
ments, to provide entirely new devices like bathyscaphs, floating and 
‘submerged buoys, sonor, and the like. 

For “understanding” all these observations, there must be built up 
in proper balance sufficiently trained minds (this is education and 
manpower) with adequate shore-based laboratories in conjunction 
with our great universities and other institutions, so that the strength 
of scientists in the basic fields, like physics, chemistry, biology and 
mathematics, can be brought to bear on the problems of the oceans. 

Understanding will lead in turn to prediction of happenings in the 
seas. We already predict tides. We predict the breakup and for- 
mation of ice, the drift of dangerous icebergs. Already a day can 
be saved in crossing the Atlantic by predictions of wind, waves, and 
currents. We must learn to predict conditions both biological and 
physical which hamper or assist our communications deep in the sea 
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by sound propagation. Predictions will also be made for fishermen 
and the beginnings of these too are already successful. 
Under “control” and “use” for defense applications, the most crucial 

problem can be summarized by saying that we must make the sea 
transparent. Not by changing the sea, but by finding ways that we 
can look right through it and have surveillance over the comings and 
goings just as our aircraft radar control networks do in the atmos- 
phere and as the satellite Tiros is now doing for large-scale happen- 
ings on the earth as a whole. 
Under “control” there are distant vistas of stirring the ocean waters 

to stimulate productivity, or of fertilizing the ocean with trace ele- 
ments to promote growth of its life. But more urgent and closer at 
hand than the control of the unruly ocean are aspects of control that 
we may be exerting unwittingly by using the ocean as a radioactive 
garbage dump. We urgently need much more study by biologists, by 
radiochemists and radiophysicists to make sure that we are not doing 
something to the ocean in this way that our succeeding generations 
will blame us for. 

Like any good science, oceanography, even if not directed to specific 
aims, will of itself develop byproducts which will help every man, 
woman and child; byproducts in new and more abundant foods, in 
medicine, in providing and distributing fresh water and in minerals. 
When you hear about ocean resources in detail later, the emphasis 

will naturally be on fisheries which will become increasingly impor- 
tant for the supply of human protein as our population increases. 

But, of course, the most useful substance we get from the sea is 
fresh water. We have not forgotten this but our committee felt that 
the artificial production of fresh water from the sea is presently being 
pursued vigorously and need not concern the oceanographer. 
On the other hand, the understanding of the physics of clouds, of 

the natural evaporation from the sea, of the heat and material ex- 
change across the sea’s surface where it meets the air, these may all 
contribute ultimately to a possible control of rainfall which could 
then insure the better distribution of natural fresh water in time and 
space. 

In conclusion, Mr. Chairman, I want to leave these most important 
topics of the scientific technological, military, and economic impor- 
tance of the ocean which I have touched upon and turn to what this 
U.S. program in oceanography might contribute to the understand- 
ing among human beings and what it might contribute to the 
humanities. 

Nine months ago there was an International Oceanographic Con- 
gress in New York where nearly 1,000 oceanographers from all over 
the world came together. There was some controversy, but it was 
the controversy of scientists who, irrespective of nationality, were 
bound together by their common interests. It was the healthy con- 
troversy of each propounding his explanation, of one building on 
another’s mistakes. There was an atmosphere of fellowship on the 
recognition that the mistakes in science are the sturdy, lower rungs 
we ascend toward understanding. 

Already the reports of this committee under Dr. Harrison Brown’s 
chairmanship have had a profound effect in stimulating oceano- 
graphic work in other countries. We must by all means continue this 



MARINE SCIENCE 17 

friendly leadership in international oceanography. We must promote 
our eis ocdine of the oceans so we can intelligently take part in 
the treatymaking as to the law and ownership of the seas, so that 
we will promote, through this treatymaking, international good will. 

The seas have, throughout history and prehistory, provided the 
material which excited not only explorers, adventurers and discoverers 
and scientists, but also the artists and writers who have produced 
epics of the seas. And these, like all other good creative work, sub- 
merge differences between the people. 

Like atoms for peace, we can use the oceans for peace. We must 
have leadership on the oceans in the face of the threat of war and 
equally we must have leadership on the oceans in our hopes and our 
work toward peace. 

The CuHatrman. Dr. Spilhaus, in your very excellent book, the 
summarization, “Turn to the Sea,” in your conclusions you make 
this statement : 

If we are unfortunate enough to have to wage war in the next few years, the 
imner space of the ocean will be without question a more important battlefield 
than outer space. 

That would be a general conclusion. 
The chairman of this committee happens to be on the Space Com- 

mittee too, of the Senate, and I happen to be chairman of a subcom- 
mittee that handles their appropriations, so I wear a couple of hats 
here; three of them as a matter of fact. 

But I said some weeks ago that a constructive long-range oceano- 
graphic program would cost us about $60 million annually for the next 
10 years, or approximately 6 percent of what we are spending for space 
research, exclusive of military applications. 

Now, in view of what you have discussed and the conclusions of the 
committee, would you think as a taxpayer, with knowledge of the 
expenditure in these two fields, that 6 percent of what we spend for 
space would be too much for marine research and surveys, particu- 
larly in view of your statement here? 

Mr. Spiruavs. Well, Mr. Chairman, I am in somewhat the same 
position as you. I have been very much interested in the space pro- 
gram from its early beginnings. 

As I said in my prepared statement, every bit of science, whether 
it be of space or of the oceans, contributes mutually to the advance- 
ment of all science—I would say, in direct answer to your question, 
that 6 percent of the present space program might hardly be noticed 
in that program and would give us an oceanographic program of real 
significance. 

The CHairman. And in which a great deal of what we would find 
out in the oceanography program would go toward the benefit of the 
whole space and depth program, whatever we may have. 

Mr. Spityaus. Yes, sir. 
The Cuairman. Some of it overlaps, I suspect. Weather and things 

of that sort. 
Mr. Sprnuavs. The basic scientific discoveries always overlap. 
The Cuairman. Are there any questions, Senator Thurmond? 
Senator THurmonp. Thank you, Mr. Chairman. 
Is there any question in your mind that the research in oceanography 

would benefit the national defense ? 
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Mr. SprmuAvs. I would put it even stronger than that, sir. In my 
opinion I think we can ill afford to neglect oceanography as we have 
done in the past from the point of view of national defense. We have 
fallen into the curious situation where people who travel the oceans 
are perhaps more concerned with outer space than they are with the 
medium that they are moving in. 

Senator Tuurmonp. I am deeply concerned with the debt of the 
Federal Government, deficit financing, and spending and spending and 
spending, but I think the first obligation of this Government is to 
provide for the national defense and the survival of our people. 

I have been impressed with the importance of this work in connec- 
tion with that and I just wanted to get your opinion on how closely 
you felt this was tied in with the national defense. 

Mr. SprmHaus. I think it is tied in extremely closely, Senator. 
Senator THurmonp. Thank you. 
The Cuatirman. And would you not say, Doctor, that looking solely 

‘at the military aspect of the thing, that the emphasis on defense, or 
the emphasis on whatever are the military operations of the Soviet 
have completely shifted to the space and the under-the-water fields? 
Most of their efforts are shifting to those two phases ? 

Mr. Sprnuavs. There is certainly great emphasis in both those fields. 
The Cuatrman. Well, they have 500 submarines. Only this year 

they reduced their basic ground forces in order to use those people for 
this sort of thing. 

So they have at least concluded that in anything in the future that 
may happen, this would be of vital importance. 

Senator TuHurmonp. I was impressed with a figure given here by 
the chairman in his statementwhich incidentally I thought was a very 
fine statement, Mr. Chairman. 

The Cuarrman. Thank you. 
_ Senator Tuurmonp. It is about the damage to vessels because of 
biological disturbances. 

I am just wondering; besides the national defense and from the 
standpoint of food—it could be a main source of food in this country 
and I was reading yesterday that possibly by 1980 we may not be able 
to supply water in this country, that we are going to have to use the 
ocean water to furnish water to our people in cities and other parts of 
the country. That we have to go forward with that saline research 
project. 

From the standpoint of defense, food and water and the prevention 
of the destruction of vessels which ply the seas come about. Now, 
what other results would result from research in oceanography ? 

Mr. Spinuavs. Asa taxpayer I like to remember that while we must 
study the oceans for our national defense there are peaceful byprod- 
ucts of this research. For example, during World War II research 
on marine fouling organisms paid for itself many, many times. I am 
sure that Dr. Ray or Dr. Iselin will tell you more of this work. 

That is just one example of how a program that you must do for 
the necessity of national defense pays off in other ways. I am con- 
vinced that this is true of any oceanographic program of the nature 
we have suggested here. The byproducts for the taxpayer in his 
normal life will of themselves justify the program. 

Senator Tuurmonp. Are there any other benefits to be derived? 
I was just trying to visualize other benefits or incidental benefits. 
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Byproducts as you call them, besides national defense, and food and 
water. 

Mr. Sprunavs. Minerals. 
Senator Tuurmonp. And the prevention of destruction of vessels. 
Mr. SprznAus. Minerals. 
Senator TuHurmonp. Do you feel it will be practical to salvage the 

minerals in the sea? 
Mr. Srinuauvs. I believe it may be in the future. As we exhaust 

the minerals on land, their value goes up. As we develop new tech- 
niques of exploitation of things in the sea, the cost of producing them 
comes down. At some point they may meet and more and more min- 
erals may be exploited from the sea. 

I think there are a number of other things that will become useful 
from the sea. 

Senator THurmonp. What about fertilizer. Do you visualize any 
benefit to that extent ? 

Mr. Srmmavus. I think when we come to the discussion on ocean 
resources and fisheries you will find that we not only use fish for 
human protein, but we also use fish for plant and animal food. In 
this respect fish are valuable to the farmer in the middle of our 
country. 

Tt is possible that antibiotics may be obtained from the sea. There 
are all kinds of possibilities of this nature that we can’t pin down. 
The Cuarrman. We have hardly scratched the surface, as I under- 

stand it, on the medicinal possibilities of what we may find in the 
sea. 

Senator Yarborough. 
Senator Yarsoroucu. Among these byproducts you mentioned, as- 

suming that we had complete security by disarmament and it was 
actually real, you say the byproducts of this study will pay for it. 

I take it from that you think this is absolutely essential even aside 
from the issue of national defense ? 

Mr. Srmuavs. Yes, sir. I think if we had complete and secure 
peace, I would still be here urging a program of this nature. 

Senator Yarsorouen. I think I agree with you. I would still be 
supporting you. 

I want to ask you this: Isn’t this study necessary on one other 
fact—I am a little bit late; this may be covered. If it has, I will 
withdraw the question and save time, Mr. Chairman. 

The ocean has been suggested as the best graveyard, or burying 
ground for atomic waste. Is not this study essential to learn where 
the currents of the oceans are, the deep, subsurface currents as well 
as the surface currents, in order to determine whether or not it is safe 
to use the ocean as the burial ground for atomic wastes and to what 
extent and in what proportions? 

Mr. Srinuaus. Yes, this is a most important study. It is one 
you will hear more about from Dr. Carritt later on. I did touch 
on it in my statement. I simply said that one of the reasons that 
we must have much more study by biologists and radiophysicists is 
to determine whether or not we are doing something to the ocean in 
this way that may be as harmful and that may plague succeeding 
‘generations. 

Senator YarsoroucH. Thank you. 
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I have no further questions, Mr. Chairman. 
The CuHairman. Senator Engle. 
Senator Enexr. I compliment the Doctor on his excellent statement. 
The Cuairman. Senator McGee. 
Senator McGrr. Could I make one observation. Since we want 

to put this on a national basis, we should hear from this side of the 
room and I presume I have the proxy to speak for my colleagues 
on this side. 

I would like to raise the question, Doctor, about the urgency in 
terms of time. This being research, I assume that what you would 
hope to break through on in many areas is unpredictable in terms of 
time and thus ought to be gotten underway sooner rather than later 
because of that uncertain time factor. 

Mr. Spiuuaus. There are two classes of problems, Senator. 
There are the problems of basic research which, as you say, because 

of their basic nature, are unpredictable. This is very, very urgent 
because basic research gives us the foundation on which to build 
development of things that we need. 

There is also, an urgency to make ocean surveys, to understand 
things about the sea in regard to sound propagation as a contribut- 
ing factor to our surveillance and safety under the ocean. These 
problems we can see. 

This is construction that also needs to be done with urgency. 
We feel a sense of urgency because we know how long it takes to 
build research vessels and survey vessels. Until you can get the 
vessel building program going you can hardly begin the attack on 
the major survey of the ocean. 

Senator McGer. In other words, if we would suddenly become 
aware—let’s say next week or the week after—of the urgency of 
learning more than we now know, an act of Congress, an emergency 
session of the Congress or an executive order couldn’t produce it 
any faster on the spur of the moment. We have to have this ac- 
cumulation of knowledge continually in process. 

Mr. Spinuaus. Yes. 
Senator McGerr. This is one of the great problems, of course, we 

always have with the folks back home. They get excited when some- 
thing blows up in our face and they are willing to go for it then, but 
how can you convince them that you cannot legislate on 7 days’ 
notice for the kind of information that requires sometimes decades to 
arrive at? This is a really tough problem and I think partly behind 
what the Senator from South Carolina was alluding to as part of the 
spending is involved in that. I think nothing would better illustrate 
the productive research and productive growth than this whole area 
you have spelled out for us here this morning. 

I think I have probably had a little private pressure put on over 
the weekend. Two members of my family want skindiving outfits 
and I think we should know more about where they are going. 

That is all I have, Mr. Chairman. 
The Cuarrman. I have here from the Department of Commerce 

late information on Soviet bloc reports of scientific activities in which 
we find, for instance, that they are putting out a 358-page illustrated 
book on the Bering Sea. We don’t know anything about the Bering 
Sea, comparatively. 
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We have the bathyscaph people here today. The Russians are 

ready to point out with great pride how they have developed a new 

underwater apparatus for research at great depths of the ocean. 

Every time we make an advance we find them moving way out. 

Here we have a long article about the Chinese making scientific 

studies for the first time in all their centuries of the marine deposits 

at the bottom of the Yellow Sea, the East China Sea, and at the mouth 

of the Yangtze River, the siltmg, and so forth. We have not done 

such intensive work, even out in Senator Yarborough’s country be- 
yond the Mississipp1. 

Are there any further questions of Dr. Spilhaus? 
Again quoting from your pamphlet, Doctor, you say at page 41: 

Before we put these long-lived radioactive materials in the sea, we should wait 

for our research to tell us whether or not it is safe. 

This is a logical statement. This is another problem I suppose we 

are going to be confronted with in the next 10 years, and the American 

people are going to ask us for the answers. They are going to ask us: 
“Ts it safe?” 
We won’t have the answers. We might not even have them when 

the questions are asked, but at least we can say we have done some- 
thing about it and are trying to do something about it. 

Well, thank you, Doctor, unless you want to add something else. 
I want to say to all witnesses, we will keep this record open so if 

anyone wants to add anything in the way of further figures or state- 
ments in the next few days, he can. 

In that field we have Sumner Pike here and we would be glad to 
hear from him. 

(The biographical sketch of Mr. Pike follows :) 

SUMNER TUCKER PIKE 

Address: Lubec, Maine. 
Born: Lubec, Maine, August 30, 1891. 
Parents: Jacob Clark and Mary Susan (Tucker) Pike. 
Degrees: B.A., Bowdoin College, 1918, LL.D., 1941; LL.D., Bates College, 

1945; S.C.D., Centre College, 1947 ; LL.D., Colby College, 1948. 
Professional career: Clerk in public utility companies, Boston, Savannah, Ga. ; 

Lowell, Mass.; Beaumont, Tex., 1913 to 1919; vice president, Equipment Sales 
Co., Dallas, Tex., and Kansas City, Mo., 1920 to 1922; assistant to president, G. 
Amsinck & Co., New York City, 1923; financial employee and secretary, Conti- 
nental Insurance Co., New York City, 1923 to 1928; vice president and director, 
Case Pomeroy & Co., New York City, 1928 to 1939; business adviser to U.S. 
Secretary of Commerce, Washington, D.C., 1989 to 1940; member, Temporary 
National Economic Committee, 1940 to 1941; Commissioner of Securities and 
Exchange Commission, Philadelphia, Pa., 1940 to 1946; Director, Fuel Price Di- 
vision, Office Price Administration, Washington, D.C., 1942 to 1946; member, 
U.S. Atomic Energy Commission 1946 to 1951; chairman, Maine Public Utilities 
Commission, 1953 to 1956; was candidate to captain, CAC, Army, 1917 to 1919. 
Overseer, Bowdoin College, 1938—-; chairman, Governor of Maine’s Committee 
on Passamaquoddy Power. 
Member: American Association Pet. Geology, American Statistical Associa- 

tion, American Geographical Society, Delta Upsilon, Phi Beta Kappa, Committee 
on Oceanography, NAS-NRC. 

STATEMENT OF SUMNER PIKE 

Mr. Pree. Thank you, Mr. Chairman. 
My name is Sumner Pike. I am retired and live at Lubec, Maine. 

I am not an expert oceanographer, nor indeed an expert at anything. 
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But a long and somewhat varied experience in both industry and 
Government may warrant me in making a few observations as to the 
present state of oceanography and the desirability of its expansion 
and betterment. 

1. Oceanography has been a comparatively neglected branch of 
science. 

2. It is of high and possibly supreme importance that oceanography 
be expanded in effort and improved in quality at the most rapid prac- 
tical rate short of a wasteful “crash program.” 

3. The report of the NAS-NRC Committee provides a minimal 
outline toward that goal. 

4, The cost, while considerable in dollars is a small percentage of 
the expected values to be returned in scientific, commercial, and mili- 
tary results. 

1. A comparatively neglected science: Until recently, at least until 
World War IT, the marine sciences were supported and studied in a 
somewhat routine way by various small uncoordinated sections of the 
Government and by several inadequately financed laboratories and 
institutions. To a great extent, in spite of a considerable expansion of 
support by the Navy, this is still the case. 

The Cuatrman. I might say right there, of course, that was the 
problem in drafting legislation in this particular case. There were 
many small activities going on at different places and it was an ad- 
ministrative problem rather than a basic problem of the need for the 
program. You have been in Government and you know what a prob- 
lem this can become. 
We have no pride of authorship in this particular matter. We want 

to get the program going. 
Mr. Prxn. Perhaps at this time I better apologize to you, Mr. Chair- 

man, if I seem to be stealing from your Franklin Institute address. 
I can only give this excuse, that we must be thinking along the same 
lines because I hadn’t seen it until I had drafted this statement. 
_ Many of the ships, mostly unsatisfactory secondhand. conversions 
in the first place, are obsolescent and approaching unseaworthiness. 

To make up that deficit, we are going to have to have a full knowl- 
edge in shipbuilding in the next 4 or 5 years that brings it right out. 
To bring us up to where we should be now, it will mean a large ship- 
building program in the first part of this decade. . 

The shore installations are hard put to process and analyze even 
the inadaquate data made available by the ships and from other sources. 
Manpower of adequate size and quality is difficult to recruit and 

train. 
The young people are there but, in face of an uncertain and un- 

‘promising future, few of them are willing to devote themselves to the 
unusually long and arduous preparation required for professional 
competence in this branch of science. 

The Cuatrman. About the only school in existence is out in my 
town of Seattle. . 

Mr. Prxe. I believe it is the only institution in the country that 
gives advanced degrees in fisheries. 

Perhaps that will go at advertising rates. 
The second point: It is important that oceanography be expanded 

in scope of effort and improved in quality of performance. 
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Instead of being a medium for navigation and a source of a minor 
fraction of the world’s food, it has become suddenly apparent that 
the ocean is of the highest importance to national defense, indeed to our 
survival. It seems unnecessary to emphasize here the possible results 
of the development of nuclear submarines and guided missiles. My 
own personal reaction can be phrased briefly : 

“Another nation caught us practically unawares upstairs; for 
heaven’s sake, don’t let the same thing happen to us down cellar.” 

With this problem thrust upon us, we become unhappily aware of 
the abysmal extent of our ignorance of the ocean in areas where 
knowledge both wide and accurate seems essential. Others will em- 
phasize this point but I believe it to be completely factual. 

3. The report of the committee provides a program toward its 
goal: To overcome this handicap, the committee has recommended 
what seems to me to be a well rounded, 10-year program of construc- 
tion, operation, and education aimed at remedying present deficiencies 
and providing some of the most urgently required information. 

Besides replacement of obsolete and aging ships and other equip- 
ment, it involves construction of additional sea and shore installa- 
tions sufficient to allow roughly a doubling of our basic oceanic re- 
search effort. 

Basic and applied research, development of better, more accurate 
instruments, extension of world surveying, combined with an ex- 
panded supply of well-qualified manpower, all are involved in the 
necessary coordinated advance on a broad front required to give us 
what we so sorely need, a better knowledge of the ocean in all its 
manifestations. 

Tt should be emphasized that without this overall approach, maxi- 
mum benefits will not be attamed. Ships, shore laboratories, new 
devices, manpower, all are necessary and none of them is self-suf- 
ficient without the others. 

4. The cost, while considerable, is not large in comparison with the 
benefits to be expected: To predict exact results from this program 
would be futile and misleading. In many instances even the prob- 
lems cannot be clearly stated until the work is well underway. Based 
on previous experience, however, it seems reasonable to predict that 
discoveries of great value to the Nation and the world will result from 
a careful, intelligent, well coordinated attack upon the myriad, prob- 
lems presented by the ocean. 

The concept that I have found helpful, Mr. Chairman, is to think 
that there is only one space, one fluid-filled space. Now, it happens 
one of those fluids is heavier than the other. That is water and that 
fills the ocean. The other fluid is air, which starts from the ocean 
up. ‘The tie-in between the two is completely inevitable. The rela- 
tionship between the two is as important to the human race as either 
one taken alone. The fact is, they cannot be taken alone. 
From the defense point of view, it seems apparent that inner 

space, represented by the ocean, is at least as immediately important 
a8 outer space which now seems to capture the popular imagina- 
ion. 
An accurate worldwide survey of the ocean depths, its topographic 

features, its currents, its temperatures, and salinities, its ability to 
Support marine life—an enormous source of foods for the human 
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race—all these should be well on their way to accomplishment during 
the coming decade, if we start soon and carry through. 

Other witnesses, experts in their fields, will supply your committee 
with detailed justification for our recommendations. I can only add 
that they were carefully worked out after long and fruitful discus- 
sion, with the aid of most competent people who gave freely of their 
time and knowledge. 

They cannot be regarded as final or complete. Doubtless your com- 
mittee, during these hearings, will note changes which should be made. 
Weare aiming at a fast-moving target. Even since the first of this 

year, 1960, man has descended to the ultimate depth of the ocean and 
has reported on his trip. 

T had an uncle some years ago who went down and didn’t come back. 
He never reported on his trip. He got drowned off Haiti. , 

In the last few weeks a satellite has gone into orbit which will lead 
to a breakthrough in weather observation and precise marine navi- 
gation. 
What has not changed is the need for immediate, well-coordinated 

large-scale exploration of the ocean and its relation to the well-being - 
of mankind. 

For this purpose it does seem to me §. 2692 is well adapted. 
Thank you, Mr. Chairman. 
The Cuatrman. Are there any questions, Senator Thurmond ? 
Senator THurmonp. No questions. 
The Cuairman. Senator Yarborough ? 
Senator YarsoroucH. No questions. 
The Cuarrman. Mr. Engle? 
Senator Eneir. No questions. 
The Cuarrman. Have you any information on the problem of 

dumping atomic wastes from your experience on the Atomic Energy 
Commission ? 

Mr. Pree. Yes, I feel, and Dr. Spilhaus does, that we ought to know 
what we are doing before we dump any amount of these wastes in 
the ocean. Once it is done, it is irreversible. It is like capital punish- 
ment. When you change your mind, you can’t get it back. 
We ought to be very clear that if radioactive wastes are to be 

dumped in the ocean, they should be dumped in such places, at such 
times, and in such quantities only that we can prove to be-completely 
harmless to the human race and indeed to other forms of life because 
after all, the human race depends upon other forms of life for its 
own existence. 

Senator THurmonp. Isn’t that especially true in view of the fact 
that it has been predicted by 1980 we will have to be using ocean water 
for our citizens? 

Mr. Prxz. I do believe, Senator, that this adds to the problem. We 
must be absolutely sure that we are not doing any sort of harm. 
_ Senator Tuurmonp. Today progress is being made and will bemade 
in removing salt from the ocean water, and ocean water will be able 
to be used. I think it now costs $1 a thousand gallons whereas it is 
30 cents for the normal water. However, later on they will probably 
be able to reduce that.cost of removing the salt. 
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Mr. Pree. I think that is right, Senator. At $1 a thousand, if there 
is no other way to get water, it is still pretty cheap because we have 
to have it to live on. 

I believe that in the San Joaquin Valley in California they do have 
a little more salt im some of their water than they would like and they 
have recently put in some purification plants cial have saved them 
some money. On the island of Aruba in the Caribbean where there is 
no natural water, they obtain water from the sea as a matter of course. 
They have spare heat there, so it doesn’t cost them as much as it might. 
The cost of getting water from one place to another must be con- 
sidered. Water is of no value as a resource unless it is used. If it 
ever gets scarce, it really becomes quite valuable. 
Senator THurmMonp. Can’t you visualize that when a practical proc- 

ess has been devised to remove the salt from the ocean water, tre- 
mendous transportation systems that are now pumping oi] and gas 
from one section of the country to another can be devised for pump- 
ing water and we will be able to provide water to the desert areas 
and into every area of the United States in due time? 

Mr. Pree. I think that is quite optimistic but it is certainly possible. 
It is still going to be an expensive thing to pipe any liquid, say 1,000 
miles, as those of us who use natural gas in the Northeast find. Even 
that which is not liquid will cost four times as much in Boston as it 
does on the Louisiana coast. 

Proper use of natura] distribution systems will go a long way 
toward helping and may someday entirely cure the problem. How- 
ever, by that time some of the boys dirtying up our natural waters 
will have to clean them up. We have a little stream going by here 
that could be improved without any great harm. This is the first 
cL veweeae 

enator YArsoroucH. I want to express my appreciation to Dr. 
Spilhaus and Mr. Pike for the sentiments you have expressed here 
about the dumping of atomic wastes in the ocean before we know what 
it will do and what the dangers are. 

Last year the Atomic Energy Commission issued permits to busi- 
nesses to dump low-level atomic wastes in the Gulf of Mexico some 
few miles off the coast of Texas—less than 50 miles off the coast and, 
of course, well within the limits of the Continental Shelf. We vigor- 
ously protested that. They insisted they were going ahead with it, 
but finally rehearing has been granted and evidence was taken upon 
the rehearing and the matter is now pending. 

It has been our thought that this atomic waste, even at a low level, 
shouldn’t be dumped until we have more scientific knowledge. It 
certainly shouldn’t be dumped close inshore to the Continental Shelf 
there, and in an area of the gulf whereby the motion of the Gulf 
rae is flowing with its full vigor in that portion of the Gulf of 

eXico. 
The Carman. Now, if the Senator from Texas will wait just a 

minute here, we can hear a little more about that. I am sure he is 
deeply interested. 
The next witness is Dayton Carritt, who is the top committee au- 

thority on radioactivity in the ocean. 
Dr. Carritt, I want you to come forward. 
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(A biographical sketch of Mr. Carritt follows :) 

DAYTON ERNEST CARRITT 

Address: Chesapeake Bay Institute of Johns Hopkins University, Baltimore, 
Md. 
Born: Boston, Mass., March 12, 1915; married, 1939; child, 1. 
Major field of interest : Chemistry. 
Degrees: B.S., Rhode Island State College, 19387; fellow Harvard, 1939-41; 

Ph. D. (analytical chemistry), 1948. 
Professional career: Chemical technician, Woods Hole Oceanographic In- 

stitution, 1937-38; Research chemist, Bureau of Ships, U.S. Navy Department, 
Woods Hole, 1941-42; instructor in chemistry, Rhode Island State College, 
1942-48 ; scientist, Manhattan district, Los Alamos, 1943-46; instructor, chem- 
istry, Scripps Institution of Oceanography, La Jolla, Calif., 1947-51; associate 
professor, oceanography, Johns Hopkins University, 1951-. Was with Office 
of Scientific Research and Development, 1944. 
Member: A.A., Chemical Society; Geophysical Union; Society of Limnology 

and Oceanography ; New York Academy. 
Scientific contributions in theory of the action of antifouling paints; atomic 

weight studies; polarography; plutonium chemistry; chemical properties of 
sea water. 

STATEMENT OF DAYTON E. CARRITT, JOHNS HOPKINS UNIVERSITY 

Mr. Carritt. Mr. Chairman and members of the committee, my 
name is Dayton E. Carritt. I am at present associate professor of 
oceanography and assistant director of the Chesapeake Bay Institute 
in the Johns Hopkins University. 
My experience has included employment as a scientist in the Man- 

hattan district, Los Alamos project, during the war, and more recently 
as a faculty member in the Scripps Institution of Oceanography, La 
Jolla, Calif., and in the Department of Oceanography at the Johns 
Hopkins University; and as an investigator at the Woods Hole 
Oceanographic Institution at Woods Hole, Mass. 

I am a member of the National Academy of Science’s National Re- 
search Council Committee on the Biological Effects of Atomic Radia- 
tion in Oceanography and Fisheries, and chairman of the working 
group of the Committee on Oceanography that did the study leading 
to NAS-NRC Publication No. 655 entitled “Radioactive Waste Dis- 
posal Into Atlantic and Gulf Coastal Waters.” 

I consider it both a privilege and a responsibility to come before this 
committee to discuss certain aspects of the radioactive waste problem 
as it applies to the marine environment. 

First, I would say that I believe there is considerable misunder- 
standing with regard to the basic decision of whether or not we should 
use the marine environment as the receiving grounds for the controlled 
disposal of certain well-defined kinds of radioactive wastes. 

I have the impression that a great. many people in this country and 
abroad, both scientists and laymen, feel that so long as we do not de- 
liberately add radioactive waste materials to the oceans, the oceans 
will remain free of all manmade radioactive contamination. I am 
firmly convinced that this is not so. 

The Cuairman. By this, Doctor, I assume you mean if it isn’t de- 
liberately dumped into areas like the Gulf of Mexico, as Senator Yar- 
borough points out; if it is just left alone ? 

Mr. Carrirr. That is right. 
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That choice was lost when we, or in fact any nation, embarked on a 
program utilizing the fission process as a source of power production. 

Neglecting all considerations of fallout from the testing and use of 
atomic bombs, we still are faced then with the generation of large 
quantities of radioactive materials in present and proposed peaceful 
uses programs. These include the use of radioactive materials in sci- 
ence and technology, the development of land-based powerplants, and 
the development of nuclear powered submarine and surface vessels. 

As presently developed, and as far as I can tell there can be only 
minor changes in the foreseeable future, all of these peaceful uses will 
result in certain quantities of radioactive waste materials that must be 
released to our environment and which will inevitably find their way 
into the oceans. To be sure, the massive quantities of so-called high 
level wastes are and can be contained on land and so kept out of man’s 
immediate environment. 

Nevertheless, there remain rather large quantities, so far as bulk is 
concerned, of so-called low-level wastes that cannot be handled as are 
the high-level wastes. It is, I believe, safe to predict that regardless 
of all the safety precautions taken, accidents will happen in land- 
based powerplants, and nuclear powered vessels will be involved in 
collisions and sinkings, all of which will contaminate the world’s 
oceans. 

The CHatrman. I might say to the committee, we have a model of a 
ship over there, one of the old Savannah and the new Savannah and we 
still have a problem in fixing the lability in case something does hap- 
pen. Westill don’t know what to do with it. 

Go ahead. 
Mr. Carrirr. I am firmly convinced that the basic question that 

must be answered is not shall we or shall we not release radioactive 
wastes to the sea, but rather how much can be safely released to the 
sea without jeopardizing our present and planned uses of the marine 
resources. 
Tam also firmly convinced that if for some reason or other it became 

necessary to prevent the release of radioactive materials to the sea, 
our program of peaceful uses of radioactive materials would be so 
curtailed as to make in insignificant. 

In answering the question, “How much activity can we safely 
release to the seas without curtailing our use of the marine environ- 
ment?” the basic problem is that of protecting mankind from hazards 
that might result from those operations. Here we immediately are 
faced with two problems. 

First, we must know the extent of damage that may result to man 
by various quantities of radioactive material in his environment. 

Secondly, we must know enough about the marine environment to 
be able to predict the rate of return of radioactive materials back to 
man for various rates of disposal into the sea. We are asking ques- 
tions here then in two broad fields of scientific endeavor: First, in 
medicine as it relates to radiation damage to man; and, second, in the 
earth sciences and especially oceanography, for it is from these latter 
studies that we will learn the capacity of various parts of the marine 
environment to receive radioactive wastes without returning them to 
man at hazardous levels. 

55401—60——3 
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The answers to the first of these questions—the one regarding radia- 
tion damage to man—have been expressed in the publications of the 
National and the International Commission on Radiological Protec- 
tion, and in the publications of the six National Academy of Sciences- 
National Research Council committees that examined various aspects 
of biological effect of atomic radiations—the so-called BEAR Com- 
mittee reports. | 

The National Commission on Radiological Protection has examined 
the available information concerning the somatic damage to man 
associated with various quantities and kinds of radioactive material 
in man and in his immediate environment, and has made recommenda- 
tions giving the maximum permissible body burden above which 
damage is likely to occur and below which man can expect to suffer 
no impairment of his normal biological functions for a period of at 
least 40 years. These data have been used as the basis for computing 
values of the maximum permissible concentrations of radioactive 
materials in drinking water and food. | 

The genetics panel of the NAS-NRC BEAR Committee has ex- 
amined the available information concerning the genetic effects of 
radiation and has recommended— 

The Committee continues to recommend that for the general population, the 
average gonadal dose accumulated during the first 30 years of life should not 
exceed 10 r of manmade radiation, and should be kept as far below this as is 
practicable. This is in essential agreement with the most recent suggestion of 
the International Commission on Radiological Protection. 

The Cuarrman. What do you mean by 10 r? 
Mr. Carrirr. 10 r is 10 rem—a measure of radiation. The average 

dental X-ray for example, produces a little less than one-half rem of 
X-ray radiation. 

The recommendations concerning permissible levels have formed 
the basis for some of the recommendations and conclusions in five 
National Academy of Sciences-National Research Council studies 
dealing with radioactivity and the oceans. The results of four of 
these studies have been published. 

The first of these NAS-NRC publications, No. 551, entitled “The 
Effects of Atomic Radiation on Oceanography and Fisheries,” was 
published in 1957 as one of the so-called BEAR Committee reports. 

Publications No. 655 and No. 658 entitled “Radioactive Waste Dis- 
posal Into Atlantic and Gulf Coastal Waters,” and “Radioactive 
Waste Disposal From Nuclear Powered Ships,” respectfully, were 
published in 1959. 

A. fourth study dealing with radioactive waste disposal along the 
Pacific coast is now very nearly ready for publication. Basically all 
of these studies are an attempt to bring together all of the pertinent 
information regarding the physics, biology, chemistry, and geology of 
the seas to show the pathways and the rates of return of radioactivity 
to man in terms of the location of disposal and the rate of disposal. 

Theoretically, we would limit the rate of disposal into any ocean 
area to that corresponding to a rate of return to man that would give 
the maximum permissible levels mentioned above. In actual practice 
the suggested maximum rates of disposal are certainly hundred of 
times, and very likely thousands of times below the rates that would 
approach these limits. 
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The conservatism contained in these conclusions and recommenda- 
tions was intentional. As practicing marine scientists we all recog- 
nized the many limitations and uncertainties in the data and observa- 
tions regarding the behavior of the oceans that had to be evaluated in 
making a quantitative estimate of permissible rates of disposal and 
further, we felt that the recommendations of the genetics panel, to 
the effect that the accumulated dose by man should be kept as far be- 
low 10 ras practicable, should be heeded. 

Despite the limitations in our present knowledge of the behavior of 
the oceans, we feel that it is possible to recommend procedures that 
will be safe so far as protecting man from hazardous levels of radio- 
active materials coming from the sea is concerned, primarily in ma- 
rine food products, yet which undoubtedly must be restrictive so far 
as this use of the sea as a natural resource is concerned. 

The thought that the capacity of the oceans to receive radioactive 
wastes is a natural resource, that can and should be exploited, appears 
to be distasteful to many people. Nevertheless, it is so being used by 
at least two countries, the United States and England, and plans for 
controlled disposal into the seas are being made by the Japanese in 
connection with their nuclear power production program. 

The contamination of the world’s oceans is therefore assured. 
The level of contamination at present certainly is well below haz- 

ardous levels; nevertheless, if the United States is to retain leader- 
ship in the nuclear fields and in all aspects of the utilization of the 
marine resources, it seems to me to be essential that we have detailed 
information regarding the consequences of disposal into the oceans. 
Not only must we be able to assure ourselves that our own actions are 
safe, but also we need a firm basis for the formulation of international 
agreements governing the joint use of the world’s oceans. 

The Cuairman. Is that on the agenda of the Geneva Conference, 
this waste disposal ? 

Mr. Carrirt. I don’t believe it is. 
Mr. Cuairman. We will look it up. I was just curious whether it 

was. We should be looking toward some international agreement 
on disposal. 

Mr. Carrirr. There was a meeting in Monaco this past year, a meet- 
ing at which no agreements were made, but at which there was ex- 
change of information by many of the countries who are involved in 
power production. 

At the present time we can recommend safe but restrictive proce- 
dures. We are, however, unable to answer with any degree of cer- 
tainty what the consequences might be if we, or some other nation, 
were to adopt procedures drastically different from those recom- 
mended. 

The reason for this stems from our ignorance concerning the de- 
tailed behavior of many parts of the marine environment. The truth 
is that despite the large amounts of effort, time, and money that has 
been expended in exploring and studying the oceans there remain 
many areas in which we have practically no knowledge even of the 
simplest properties. 

In 1958 the Committee on Oceanography of the National Academy 
of Sciences-National Research Council started a study designed to 
focus attention on the state of both our knowledge and our ignorance 
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in the marine sciences. This study was made under the title “Ocea- 
nography 1960 to 1970.” Chapter 5 of this study is entitled, “Artifi- 
cial Radioactivity in the Marine Environment,” and provides a broad 
outline of the kinds of studies that need be done to eventually permit 
a reasonably accurate evaluation of the consequencies of putting any 
stated quantity of activity in any stated part of the oceans. 
Very briefly chapter 5 of the NASCO report indicates the most 

likely sources of radioactive wastes that will be introduced into 
various parts of the marine environment and then outlines the kinds 
of studies that will provide the information necessary in predicting 
the time and space distributions following disposal. 

It seems to us that radioactive materials will reach the oceans from 
the following sources: 

1. Nuclear powerplants. Present programs suggest that these 
will be: 

(a) Land based ; 
(6) Seaborne, both submarine and surface craft ; 
(¢c) Airborne, with indications that these may be nuclear re- 

actors, and less conventional types that utilize the disintegration 
energy from large quantities of radioactive materials. 

9. Laboratories, hospitals, and industrial plants. 
8. Large-scale oceanographic experimentation. 
4, Atomic explosions. In addition to possible weapons testing pro- 

grams, the peaceful uses for harbor construction and improvement 
now appears to be feasible. 

The Cuatrman. I notice operation of the first nuclear powerplant 
in the Chicago area started this week. It is right on the shores of 
the Great Lakes. I don’t think they know what effect that may or 
may not have as of now. It may be below the minimum you suggest, 
but I don’t think we know too much about continued operation in the 
Great Lakes. 

Mr. Sprnuavs. I think you are right, Senator. I think in some 
respects we know less about the Great Lakes than we know about the 
oceans. 

The Cuarrman. We just passed out a bill on pilots in the Great 
Lakes. This is opening up a great field of activity, both this way and 
every other way. 

Proceed. 
Mr. Carrirr. Two examples can be used to illustrate the kinds of 

problems faced by oceanographers, as developments in the programs 
noted above continue. Nuclear-powered vessels, both surface and 
submarines, are now a reality. There is no reason to believe that the 
number and size of these crafts will not steadily increase. A significant 
portion of the coming nuclear-powered fleet will be built by maritime 
nations other than the United States. 

At the present state of the art, these craft generate relatively small 
quantities of radioactive wastes that are discharged directly to the 
environment, and massive quantities of wastes that are handled in 
shore-based chemical processing plants. 

Oceanographers have been asked to evaluate the consequence of the 
“normal” discharge from these vessels and to recommend preferred 
ocean areas where such discharges will least interfere with any utili- 
zation of other marine resources. We have been asked to evaluate to 
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what extent the sinking of a nuclear-powered vessel, with rupture of 
the reactor, would limit further uses of any one of the major harbors 
of the world. 

Although special precautions are taken in controlling the move- 
ments of nuclear powered vessels, it seems to me to be inevitable that 
some kind of accident involving one of these ships will occur. The 
question has been asked, “Suppose the Andrea Doria had been nu- 
clear powered ?” 

Similarly, we have been asked for advice in connection with the 
possible establishment of near-shore disposal areas to receive pack- 
aged, low-level wastes. Isthe procedure feasible? 
What limitations should be placed upon such an operation ? 
During the past year two proposals have been presented for so- 

called atomic parks which would be centered around chemical plants 
for the processing of partially expended nuclear fuel elements, from 
which some level of release of activity during normal operation is 
inevitable, and massive releases would occur in cases of accident or 
malfunction. Both of these plants, according to the proposals, would 
be placed on the Atlantic coast near existing population centers. 

In answering questions that arise from such operations we realize 
that we cannot treat the problems in a purely academic fashion. Our 
answers literally will affect the lives of large portions of the world’s 
population, to say nothing of possible involvement with our Nation’s 
‘prestige. Consequently, our answers have intentionally been con- 
servative. 
We now believe that we understand the basic framework within 

which answers to these kinds of questions must be developed. Chapter 
5 of the NASCO report contains an outline of the programs that will 
furnish the information needed to fill out that framework, and in 
addition gives a reasonable estimate of the costs of such studies. 

The division of the marine environment into two broad classifi- 
cations, estuarine and coastal, and the open seas is a natural divi- 
sion based upon our present understanding of these areas. Estu- 
aries and coastal areas are regions in which changes in properties 
occur much more rapidly and over greater ranges than in the open 
oceans. They are more closely linked to man geographically and 
economically, and they produce the major fraction of man’s harvest 
of marine food products. Consequently the methods used to study 
these areas are not identical. 

Basically chapter 5 outlines studies in (1) physical oceanography, 
which will lead to an understanding of transport and dispersion of 
a contaminant by the currents and mixing processes in the oceans, 
(2) biological oceanography, which will provide information con- 
cerning the accumulation or rejection of various waste elements by 
the plants and animals of the oceans and so enter the food chain 
that ends in man, and (3) geochemistry, which will show under what 
conditions suspended materials and bottom deposits may act to alter 
the distribution of waste components from those deduced solely from 
physical and biological transport. 

The information leading from these studies is essential to an ac- 
curate prediction of the fate of wastes dumped, either intentionally 
or by accident, into many parts of the oceans, and consequently to 
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our assessment of the hazard to man that might result from these 

actions. : 5 
There is no implication here that we are completely ignorant with 

regard to the behavior of the oceans. On the contrary, the oceanog- 

raphers in this country are leaders in their respective fields, and it is 

due to their efforts that we are now able to recommend what are cer- 

tainly safe but restrictive procedures, and to outline the framework 

within which detailed studies can provide the basis for safe and effi- 

cient uses of the marine resources. : 

Our present situation is one in which our inventory of trained 

oceanographers and oceanographic research facilities cannot keep 

ace with the demands for solutions to the problems caused by a rap- 

idly expanding technology that either directly or indirectly becomes 

involved with the world’s oceans. hee 
The situation is urgent but not hopeless. There is time to make up 

our deficiencies, but no extra time. In my opinion we need a rela- 

tively long-term national policy that will (1) provide for the training 
of new oceanographers, primarily at the graduate and postgraduate 
levels, in a manner that will permit realistic competition with other 
science fields for the minds and talents of new scientists, and (2) 
provide the facilities, both land-based and seagoing, that will permit 
‘present and future marine scientists to carry on efficiently their 
studies of the sea. Given these, I feel sure American oceanography can 
resume its place as a leader. ; 

The Cuatrman. Well, Doctor, don’t you think that we need to 
know this for another good reason? The world’s oceans are the 
property of everyone. Other nations are embarking upon nuclear 
programs. It is obvious we are going to have to have some inter- 
national. agreements. How can we go to a conference and propose 
international agreements, or accept them, or take any leadership in 
them if we don’t know what we are talking about when we get there? 

Mr. Carrirr. Precisely. 
The Cuatrman. Or some other country at least assumes they know 

more about what they are talking about than we do. 
Technically, we go in emptyhanded at some of these conferences. 
Mr. Carrirr. That is correct. 
The Cuarrman. And we have countries that are going to play with 

this dangerous thing and have no knowledge whatsoever. You can- 
not even suggest something to them because they won’t take your sug- 
gestion as they know we are a little deficient in that knowledge. 

It seems to me we just can’t get away from the fact that there will 
have to be some international agreements in this whole matter, and 
IT am not talking about the uses. They can be military or peaceful. 
You agree with me, do you not, Mr. Pike? 

Mr. Pixr. Yes, sir. 
The Cuarrman. This is what people want to know. 
Of course, I think we go secondhanded into most of these confer- 

ences anyway, but in this case we would have a definite assurance we 
would be going in secondhanded. 

Mr. Puss. I agree unless we take and keep the lead in the knowledge 
of what may happen to people if radiation gets up to a dangerous 
level, we cannot expect to lead other nations into an agreement about 
this ocean which is, after all, the common property of all mankind. 
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It has never been reduced to any one person’s ownership, and if it 
was the ocean itself wouldn’t abide by it, so we have to be on the ball 
in this respect. 

The Cuarrman. Thank you, Doctor. 
Do you have any questions, Senator ? 
Senator THurmonp. I notice, Dr. Carritt, that you recommend 

training of new oceanographers and also to provide facilities, both 
land-based and seagoing as a solution to this problem. 

Mr. Carrirr. Yes. 
Senator THurmonp. Did you make any recommendation in your 

statement with regard to these wastes that you talk about during most 
of your statement, about what should be done about it ? 

Mr. Carritr. No, I did not make any such recommendations. These 
were made in the National Academy Report No. 655. 

Senator Tuurmonp. What is your opinion about these wastes? 
Should we begin to take some steps to try to prevent this? 

Mr. Carrirr. I think first of all we have to realize what is meant by 
the term “radioactive waste.” 

Generally speaking, you can picture such wastes in two categories. 
‘One, these so-called high-level wastes, the massive quantities of waste. 
‘These are the wastes that are put in tanks and held on land away from 
man. 

Senator THurmonp. I might interrupt there and say at the Savan- 
/nah River plant in my home county, Atomic Energy is placing the 
waste underground. They have a tremendous tunnel underground 
and they are placing the waste there and covering it up. They have 
it in tanks. I think it is a concrete tank. At any time, it is placed in 
a safe place, they say, underground. , 

Mr. Carrirr. That is very likely the high-level waste, the large 
quantities of waste that everybody that I have ever talked to agrees 
cannot be released to man’s environment. 

In addition to high level wastes there are smaller quantities of radi- 
ation associated with the normal running of industrial and university 
laboratories. The volume of this waste material is large in compari- 
son to the amount of radiation involved. It is in the form of liquids, 
rags, carcasses, chemical glassware, and things of this sort. Each 
unit by itself does not constitute a hazard. It is the kind of thing that 
must be removed from the laboratory merely because it takes up 
space. 

Some of this material can actually be dumped down the drain. If 
the concentration is low enough. This material goes out through the 
normal waste treatment processes in the city. 
When the quantity of radioactivity gets a little bit above a certain 

amount according to regulations, it can no longer be dumped down 
the drain. 
We are faced now with the problem of what to do with this ma- 

terial. Actually if we put it in a barrel we could sit on that barrel 
for 8 hours a day for the rest of our lives and receive no damage. 

Now, the problem is, what should we do with this material. 
One practice has been to dump it into specified locations in the 

oceans. After examining this problem in detail, the National Acad- 
emy Committee suggested that a detailed survey be made of a group 
of locations, which were specified by latitude and longitude. These 
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locations, so far as we could tell, met our requirements of the environ- 

ment and yet we didn’t have detailed information about it. It was 
suggested that these locations be examined in a detailed way to find 
out whether or not they would be suitable to receive low-level packaged 
wastes. It is these wastes, in very limited quantities, that the AEC 
has licensed certain disposal companies to take from the shore and 
drop into the oceans. 

The Cuarrman. And there will be more of them as we advance, even 
in peaceful uses of nuclear energy. 

Mr. Carrirr. That is right. 
We have been criticized—I think unjustly—because we have said 

that in dumping a specific quantity of waste at a specific rate in these 
specific locations, and based on the recommendations of the National 
and International Committees on Radiological Protection, the return 
of these wastes to man (primarily through marine food products) will 
be well below that which will give anywhere near the maximum per- 
missible dose. 

As a matter of fact marine food products now actually have a lower 
concentration of fallout elements than do many foods that are taken 
from terrestrial sources. It appears that there is a rejection of some 
of these elements by marine organisms. There is also a great dilution 
because of the large volume of water in the ocean. 

Senator TuHurmonp. I presume it is your opinion then, your counsel 
and advice, that we try not to dump anything in the ocean that we can 
avoid in the way of atomic wastes ? 

Mr. Carrirr. No, I don’t believe I would say that. 
The Cuatrman. Unless we know. 
Mr. Carrirr. Unless we know. We know right now we could, for 

example, put a radioactive watch dial 
Senator THurmonp. A radioactive what ? 
Mr. Carrirr. A radioactive watch dial in the ocean. 
The question is, How many can we put in the ocean without creating 

a hazard to man in his other uses of the oceans? 
_ The recommendations of the National Academy, I think, are sim- 
ilar to the situation that I think aircraft designers are faced with. 
They design an aircraft that, according to the drawing board, can 
be flown at, say 1,000 miles an hour, but during the first testing pro- 
gram of that aircraft the aircraft is flown at 200 or 300 miles an hour. 
According to our best knowledge at the moment we feel that we 

are recommending a practice comparable to flying that airplane at 
200 miles an hour when the design tells us it could very likely be 
flown at a thousand miles an hour. 

The whole business hinges on the quantity of radioactive wastes 
and the rate at which it gets back to man and into his normal food 
channels. 
The Cuarmrman. Then I suppose another important thing is to 

designate a place to dump it, but you had better find out where it is 
going after you dump it? 

Mr. Carrirr. That is right. 
The Cuatrman. It may go a lot of other places in the ocean be- 

sides where you dump it. 
Mr. Carrirt. That is right. 

_ To answer Senator Thurmond’s question specifically, it is my feel- 
ing that the capability of the ocean to receive radioactive wastes 
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and not return them to man at levels that would hurt him is a na- 
tural resource that should be exploited. 

Senator Tuurmonp. Thank you very much. 
The Cuarrman. It is necessary that we recess until tomorrow. I 

know there are some of you here from out of town and I hope we 
won't inconvenience you. We will start tomorrow at 10:30, our reg- 
ular time. 

Mr. Srinuavs. Could I say just one word ? 
The CuHairman. Yes. 
Mr. Spizmavs. I don’t believe Dr. Carritt emphasized what I am 

sure he believes. The relation of radioactive waste disposal to the 
oceanographic research program is simply that while we are making 
our recommendations in a conservative fashion we believe that we 
would be able to form our conclusions in a sounder fashion if we had 
the means to stimulate more biological research combined, for ex- 
ample, with research on circulation. Then we could get more of the 
answers upon which to base conservative conclusions. 

The Cuarrman. I think it is obvious we have to get some answers. 
I don’t see how we can proceed unless we get some answers in this 
particular field because this is one that people are worried about, 
rightly or wrongly, and it is one that Congress is surely going to need 
some answers on, and to give the people, sooner or later. 

Tt has been the cause of a great deal of concern largely because we 
don’t know. 

I think it is very important. It is as important as the disarma- 
ment of nuclear weapons. 

Mr. Worzel and Mr. Riley, would you appear tomorrow too? 
I am sorry to inconvenience you, but I do want to make this rec- 

ord complete so we will have a good record. 
Thank you very much. We will recess until 10:30 tomorrow. 
(Whereupon, at 12:30 p.m., the committee was recessed, to re- 

convene at 10:30 a.m., Thursday, April 21, 1960.) 
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MARINE SCIENCE 

THURSDAY, APRIL 21, 1960 

U.S. SENATE, 
ComMMITTEE ON INTERSTATE AND ForEIGN CoMMERCE, 

Washington, D.C. 
The committee met at 10:50 a.m., in room 5110, Senate Office Build- 

ing, Hon. Warren G. Magnuson (chairman) presiding. 
The Cuatrman. The committee will come to order. 
We have a long list of very distinguished witnesses this morning 

and we want to proceed as rapidly as possible because we would like 
to get this testimony printed and get it before the committee. 

The first witness will be Dr. Milner B. Schaefer who represents the 
Tropical Tuna Commission and Scripps Institution of Oceanography. 

Doctor, we will be glad to hear from you. 
(A biographical sketch of Dr. Milner B. Schaefer follows:) 

MILNER BAILEY SCHAEFER 

Address: Inter-American Tropical Tuna Commission, Scripps Institution of 
Oceanography, La Jolla, Calif. 

Born: Cheyenne, Wyo., December 14, 1912. 
Major field of interest: Biology. 
Degrees: B.S., Washington (Seattle), 1935; Ph. D. 1950. 
Professional career: Assistant biologist, State fisheries department, Washing- 

ton, 1935-36, biologist, 1986-88; scientists, International Pacific Salmon Fish- 
eries Commission, New Westminster, British Columbia, 1938-42; aquatic biolo- 
gist, Fish and Wildlife Service, U.S. Department of the Interior, Stanford, 1946—- 
48, Honolulu, 1948-50; director investigations, Inter-American Tropical Tuna 
Commission, 1951— . Research associate, Scripps Institute of Oceanography, 
1951, U.S. Navy, 1942-45. 
Member: Association Ichthyology & Herp: Statistical association; Biomet. 

Society ; Geophysical Union; Society of Limnology and Oceanography; Fish- 
eries Society, Pacific Fishery Biology (president, 1940), Committee on Oceanog- 
raphy of NAS-NRC. 

Scientific contributions in: Biology, life history and ecology of commercial 
marine fishes; population dynamics of marine animals; basic productivity of 
the sea ; effects of atomic wastes in the sea. 

STATEMENT OF DR. MILNER B. SCHAEFER, DIRECTOR OF INVESTI- 

GATIONS OF THE INTER-AMERICAN TROPICAL TUNA COMMIS- 

SION; AND RESEARCH ASSOCIATE OF THE SCRIPPS INSTITUTION 

OF OCEANOGRAPHY OF THE UNIVERSITY OF CALIFORNIA 

Mr. Scuarrer. I am Milner B. Schaefer, director of the Investi- 
gations of the Inter-American Tropical Tuna Commission, an inter- 
national research organization operating under a convention among 
Costa Rica, Panama, and the United States of America; I am also 
a research associate of the Scripps Institution of Oceanography of 
the University of California. 

37 
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I am a member of the Committee on Oceanography and the Com- 
mittee on Atomic Radiation. 
Having been engaged for many years in various aspects of ocean- 

ographic research, and having also the privilege of close acquaintance 
with international aspects of the use of the sea, I have been especially 
impressed with the comparative smallness and inadequacy of the 
efforts which are being made by the United States to take advantage 
of the wealth of the oceans, and to solve the oceanographic problems 
which, as a maritime nation, we cannot afford to ignore. 

In a very real sense—as the chairman noted in his statement yester- 
day—the United States is essentially an island nation. As such, in 
a world the terrestrial parts of which are becoming every day more 
populated, it is extremely important that we take full advantage of 
the seas which nearly surround us, not only for our military security, 
but also for our continuing economic and social well-being. This 
requires that we stay in the forefront in the gathering and applica- 
tion of new knowledge of the ocean and its contents through a con- 
tinuing program of ocean research of adequate scope and magnitude. 

One aspect of such a program which I would like to mention at 
this time is the study of the resources of the sea which support the 
fisheries and other extractive industries. The ocean contains living 
resources, of great value as a source of food and of raw materials for 
agriculture and industry, the utilization of which is, unfortunately, 
expanding much more rapidly by some other nations than ours. 
Although the living resources, which support the fisheries, are the 
most important of the extractive resources of the sea, there are also 
important unutilized mineral resources, the extent of which we are 
only beginning to recognize. 

It may be noted that the United States is still the second, or perhaps 
third, most important nation of the world with respect to the size 
of its sea-fish harvest. However, the fisheries of other nations are, 
and have for some years been, growing faster than our own, and a 
rapidly increasing share of the fish we eat is imported from other 
nations, although these fish were mostly caught on the high seas. 
Many nations are turning to the sea fisheries as a source of new wealth, 
and the competition for the use of these resources is looming more 
important each year. 

I have just returned from Geneva where the Second International 
Conference on the Law of the Sea is wrestling with the problems of 
the extent of the territorial sea and exclusive fishing zones, and I can 
assure you that the sharing of the harvest of the sea fisheries is a 
matter of great concern to the vast majority of the 88 nations in 
attendance. 

The Cuamman. Dr. Schaefer, I don’t want to burden this hearing 
with what went on at Geneva, though I do want to talk to you about 
it a little later. It is very important, as you know. 

J am having lunch with Canadian members of Parliament today so 
I will have some discussion there, too. 

During the last few years at this conference and other international 
assemblies there has become evident a tendency to give prior or ex- 
clusive rights in the near-shore fisheries to the adjacent coastal States. 
Thus the distant water fishermen of the United States and its allies 
must look forward to having to rely increasingly on the resources of 
the high seas, far offshore. 
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For example, the United States-Canadian proposal at the present 
Geneva Conference calls for the phasing out of all historic fishing 
rights within 12 miles of shore during the next 10 years. There are 
other proposals before the Conference which would give the coastal 
States priority over a much greater distance. 

Mr. Scuarrer. If we are to increase our harvest of the sea fisheries, 
we must learn how efficiently to increase the production of our fisher- 
men, both by properly conserving the stocks of fish we presently ex- 
ploit, and by developing new fisheries on the stocks which are under- 
utilized or completely unused, as well as by improving the effectiveness 
of the gear and fishing techniques. 

At the same time the increased utilization of the vast protein food 
resources of the sea is one of the important means of increasing the 
welfare of some of the overpopulated, underfed foreign nations. 

Senator SMaTHERs. Coalal we have the witness read a little louder? 
Mr. Scuarrer. The realization of the increased harvest of the sea 

requires, however, improved knowledge of the geographical distri- 
butions of the living resources, and their variations in abundance in 
space and time in relation to variations in the elements of their 
oceanic environment, as a basis of locating new rich fishing areas, 
and of forecasting variations in the location and abundance of the 
harvestable stocks. 

It also requires additional fundamental knowledge of the behavior 
of the organisms, as a basis of radical improvements in fishing tech- 
niques. 

Detailed knowledge of the ecology and population dynamics of 
the organisms supporting the fisheries is also required as a basis of 
regulating the fisheries to maintain the maximum harvests year after 
year. Nor should be overlook the possibility of “farming” the sea, 
of increasing the harvests, in at least some areas, by suitable modifica- 
tions of the environment and control of the organisms. 

The new knowledge needed as a basis of more effective exploitation 
of the living resources of the sea requires an expansion of research, 
of wide scope, closely integrated with other kinds of oceanographic 
research—physical, chemical, and biological. 

There are, in addition, legal, economic, and technological aspects of 
fisheries utilization which need to be included in a comprehensive 
research plan. 
The National Academy of Sciences’ Committee on Oceanography 

in the chapter of its report on “Ocean Resources” has attempted to 
outline the kinds of research which are especially required, to identify 
particular research problems which are in our opinion most critical, 
and to estimate the additional funds which will be needed for an 
adequate program over the next several years. 

I cannot overemphasize, however, that this recommended program 
of resources research is only one part of a broader program of in- 
creased oceanographic study, and that parts of the program outlined 
in other sections of the report, such as the sections on “Ocean Sur- 
veys,” “New Devices,” and “Basic Research,” are also of fundamental 
importance to the solution of the problems of utilization and manage- 
ment of the sea fisheries. 

Certain newly discovered mineral resources of the sea floor, such as 
the ferromanganese nodules which are abundant in some places, also 
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appear to warrant modes expenditures to assess their abundance and 
value, and for engineering studies of means of mining them. _ 

I note with great pleasure that the Senate bill, S. 2692, introduced 
by Senator Magnuson and others, contains authorization for various 
appropriate Government agencies to carry out the researches recom- 
mended by our committee in the field of ocean resources, and also 
provides for means of coordinating the work of different agencies 
through a new office in the National Science Foundation. : 

I sincerely hope that this, or similar legislation may be passed in 
the near future. 

The Cuarrman. I would like the committee members to meet three 
young men who are here. If you come up here, they might want to 
ask a few questions. The three who went down in the bathyscaph. 
Could you come up here? 

This will be off the record. 
(Discussion off the record.) 
The Cuarrman. On the record. 
Now, Dr. Iselin of the Woods Hole Institute of Oceanography, we 

will be glad to hear from you. 
Senator Enetz. May I ask one question of Dr. Schaefer before you 

proceed with the next witness? 
The Cuarrman. Yes. Are there any questions of Dr. Schaefer? 
Senator Enerz. I just wanted to ask one question. It is a little 

collateral to your testimony, but I observed on page 2 you were over 
at Geneva. This fishing matter, of course, is of great concern to us 
all. It is involved with the whole problem of oceanography. Can 
you tell us how we are getting along at Geneva? Are we coming out 
all right or not ? 

Mr. Scuatrer. It is a little difficult to say. The conference today 
and tomorrow is at its critical stage. The U.S.-Canadian proposal of 
a 6-mile territory with an additional 6-mile exclusive fishing zone at 
which the rate would be phased out in 10 years, got a vote of 33 to 53 
with 12 abstentions. 

Senator Enexz. Does it look like we will get two-thirds? 
Mr. Scuarrer. This is rather critical now. It went to the plenary 

session yesterday and it is a matter of attracting sufficient votes to this 
proposal by one means and another to achieve the two-thirds majority 
and ef is in something of a critical stage at the moment, as I under- 
stand it. 

In other words, if I were a bookmaker, I would probably takes six 
to five either way. 

Senator Ene. The chairman has a great interest in it and so have 
all of us who live in areas adjacent to the ocean where fishing is an 
industry of great importance. 

I am not so sure that we are so happy with even this compromise 
which would seem to be a rather tenuous matter at the present time. 

Mr. Scuarrer. There is evident a considerable tendency to give 
some kind of a priority to the fish harvest to the adjacent coastal 
States in addition to this. There was an Icelandic proposal to this 
effect which won a majority of the committee with a large number of 
abstentions and there are several other proposals before the Congress. 

The Cuarrman. This is the old story of the Russians getting their 
way because there is a two-thirds vote and there are nations with the 



MARINE SCIENCE 41 

same vote we have in the conference that have no interest in coastlines 
or fisheries—direct interest, [mean. ‘They have an interest, naturally. 

The 6 miles would close up about 64 straits; wouldn’t it? Some- 
thing like that ? 

Mr. Scuaetrer. I believe so. 
The Cuatrman. The Russians wanted 12 miles which will add about 

3 million square miles to the Soviet bloc territory. 
Mr. Scuarrer. I think one of the significant things, Mr. Engle, 

from the standpoint of your fishermen in California and the other 
fishermen of the United States, is that even with the U.S. proposal, 
even if it does win, distant water fishermen are going to have to develop 
other fishing areas, further off shore. This is one area where oceano- 
graphic research is of importance. The distant water fisherman 
will be barred from some of the traditional fishing areas within a 10- 
year period. 

Senator Enetr. We might have to go down there 7 miles and catch 
one of those flat fish. 

Mr. Scuarrer. Or you may have to do a great deal more fishing 
four or five or six hundred miles offshore. 

Senator Barrierr. The historic fishing rights will be out in 10 
years. 

Mr. Scuarrer. Yes. 
The Cuarrman. You have no chance to negotiate within the 10 

years—two nations such as the United States and Canada—perhaps 
for perpetual rights. They will ring the bell on us in 10 years. 

Mr. Scuarrer. You can always make bilateral arrangements. In 
other words, a country can make a bilateral arrangement to permit 
another country to fish. 

The CuHairman. But no country is going to do it with the 10-year 
provision in there. 

Senator Bartterr. Where did we suffer that defeat ? 
Mr. Scuarrer. I don’t know whether you would call it a defeat or 

not. This was a compromise between the Canadian proposal and the 
U.S. proposal. Canada had an original proposal of a 6-mile terri- 
torial sea with a 6-mile exclusive fishing zone to commence imme- 
diately. The United States had a proposal of a 6-mile territorial sea 
with a 6-mile exclusive fishing zone, recognizing historic fishing rights 
in the outer 6 miles in perpetuity. 

They arrived at a compromise between those two proposals which 
was jointly sponsored by the United States and Canada in this form. 

The Cuamman. Your fellows can’t come down to Seattle with 
your fish. Is it your impression that Dean is doing as good a job as 
he knows how on this thing? 

Mr. Scuanrer. Yes, it is my impression that not only Mr. Dean, 
but all the members of the U.S. delegation are working very hard and 
very ably. They are doing extremely well under very, very difficult 
circumstances. 

The Cratrman. Of course, the U.S. Navy is not going to be happy 
about this. 

Mr. Scuanrer. They will probably be happier with the 6 miles. 
_ The Cuairman. They will be happier with the 6 than the 12, but it 
should be the 3. The 12 would close something like 114 strategic 
straits in the free world, including Gibraltar and the English Chan- 
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nel. There is the overall problem of getting any agreement at all. 
And then it leaves it wide open. Here is Peru claiming 150 miles or 
something like that, for tuna rights. 

Mr. Scuarrer. A minimum of 200 actually. 
The Cuatrman. Well, thank you very much, Dr. Schaefer. We 

appreciate it. 
Now, Dr. Iselin of Woods Hole Institution and Dr. Lamar Worzel 

of the Lamont Observatory. 
(The biographical sketches of Dr. Iselin and Dr. Worzel follow :) 

CoLtumMsBUS O’DoNNELL ISELIN 

Address: Woods Hole Oceanographic Institution, Woods Hole, Mass. 
Born: New Rochelle, N.Y., September 25, 1904, married, 1929; children, 5. 
Major field of interest: Oceanography. 
Degrees: A.B., Harvard, 1926; A.M., 1928; honorary D. Se., Brown, 1947. 
Professional career: Assistant professor, 1936 to 1939; associate professor, 

1939 to 1960; professor of physical oceanography, 1960, Harvard ; professor phy- 
sical oceanography, 1959-, MIT; physical oceanographer, 1932 to 1940, director, 
1940 to 1950, senior physical oceanographer, 1950 to 1956; director, 1956 to 1958; 
Henry B. Bigelow Chair of Oceanography; 1958S—; Woods Hole Oceanographic 
Institution: trustee, Bermuda Biological Station, 1936—; Marine Biological Lab- 
oratory, 1941 to 1952; American Museum of Natural History, 1951—; member, 
Committee on Undersea Warfare, 1946—, and Committee on Oceanography, 1957, 
National Academy of Sciences-National Research Council. 

Awards: Medal of Merit, 1948; National Academy (Agassiz Medal, 1943), 
Philosophical Society. 

Scientific contributions in oceanic circulation, underwater acoustics, marine 
resources. 

J. LAMAR WORZEL 

Address: Lamont Geological Observatory, Palisades, N.Y. 
Major field of interest: Gravity at sea. 
Born: February 21, 1919, West Brighton, N.Y. 
Degrees: B.S., Lehigh University, 1940; M.S., Columbia University, 1948; 

Ph. D., Columbia University, 1949. 
Professional career: Research associate, WHOI, 1940 to 1946; geodesist, Co- 

lumbia University, 1947 to 1949; research associate, geology, Columbia Uni- 
versity, 1948 to 1949; instructor, Columbia University, 1949 to 1951; assistant 
professor, Columbia University, 1951 to 1952; associate professor, Columbia Uni- 
versity, 1952 to 1957; professor, Columbia University, 1957—; assistant director, 
Lamont Geological Observatory, Columbia University, 1951-. 
Member: AAAS, Geological Society of America, American Geophysical Union, 

American Physical Society, Seismological Society of America, Society of Explo- 
ration Geophysics. 

Scientific contributions in gravity at sea, seismic at sea, underwater photog- 
raphy, underwater sound transmission, earthquake seismology, marine sedi- 
mentation, submarine topography. 

STATEMENTS OF COLUMBUS 0’D. ISELIN, WOODS HOLE OCEANO- 

GRAPHIC INSTITUTION, AND LAMAR WORZEL, LAMONT OBSER- 
VATORY 

The Cuatmrman. Dr. Iselin wants to talk about the defense applica- 
tion of marine science, which is very important to this committee. 

You may proceed. 
Mr. Isrrin. Since 1937 I have been intimately connected with the 

many applications of marine science to warfare at sea. While the 
chapter of our report which I am summarizing and which attempts 
to deal with is this subject entitled “Defense Applications,” I would 
like to emphasize at the outset that oceanography is just as important 
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in attack as it is in defense, and moreover that is frequently a factor 
in. both tactics and strategy. 

This chapter is now in its final draft and for reasons which I will 
try to explain, it has been a difficult one to edit because we hope to 
issue this as an unclassified document. 
What has been happening during the last 22 years can be summa- 

rized as follows: 
As weapon systems have become more and more complex, nature im- 

poses increasing limitations on their effectiveness. In the modern 
complex systems one simply cannot ignore the limitations imposed by 
the environment. Wars are not always fought in fine weather and 
there exists the equivalent of very bad weather within the sea that is 
more critical to the performance of most weapon systems employed 
in undersea warfare than the real weather is to land warfare or aerial 
warfare. 

Because of security it will not be easy to illustrate this statement by 
citing specific examples involving advanced design weapon systems. 
I will have to fall back on early World War II devices, but there 
exist several excellent classified reports by various other committees 
and panels that discuss the limitations imposed by nature on weap- 
on systems of the future as we now envision them. 

In fact, it has become the fate of oceanographers to try to think 
ahead 15 years or more, so as to be able to explain the effects of en- 
vironmental factors on systems that have not yet been designed. 
Thus, to a considerable extent, we have to keep well ahead of reality 
and at the same time we can only talk about what actually happened 
id or more years ago. As you well know, we are living in an age 
when science and technology is making extremely rapid progress. 
This has largely come through research carried out at university 
laboratories working in the classifiable fields of science. Oceanog- 
raphy has had a much shorter and somewhat different history. The 
engineering phase of oceanography has hardly begun, but the marine 
sciences are clearly going to contribute greatly to advanced engineer- 
ng that strives for greatly improved offensive and defensive capa- 
Llities. 
I will try next to be somewhat more specific in the case of under- 

water acoustics, and I think that I can do this best by discussing some 
of the past history of this subject and by explaining some of the con- 
tributions made by oceanographers. 
_ The Cuairman. Doctor, would you say, generally speaking, look- 
ing toward the future in undersea warfare, that the problem of 
acoustics in one of the primary priorities in a general sense 4 

Mr. Iser1n. Yes. In 1937 I was asked to help out in some tests 
off Guantanamo, Cuba, of some experimental searchlight-type sonar 
gear. It had been noticed that frequently during the afternoon the 
range of detection of a submerged submarine was seriously reduced. 
It was rather quickly shown in the 1937 operation that warming of 
the near-surface waters on days when the winds were less strong 
than usual caused sharp downward refraction of the cone of sound 
produced by the transducer. In effect, there exists at times thermal 
hills within the ocean behind which a submarine can hide. 

There is a geography to this near-surface thermal situation and 
there are also pronounced seasonal and shorter period changes. 

55401—60—4 
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During World War II, largely through funds supplied by the 
Office of Scientific Research and Development, rapid progress was 
made in explaining the behavior of sound gear to the operating forces 
in the Navy and also in designing equipments that could hope to over- 
come some of the environmental factors. We had particularly good 
luck in the prosubmarine applications. 

During the war period, Dr. W. M. Ewing realized that the ocean 
was relatively transparent to low frequency sound and that there 
existed within the ocean favorable paths by which low frequency ener- 
gy could be transmitted over very long distances. Various means 
of exploiting these favorable characteristics of the medium have been 
vigorously exploited by the Navy ever since. ; 
A very recent event which is unclassified will serve to emphasize 

this point. Within the past few months hydrophones on the bottom 
of Bermuda have picked up signals from the research vessel Vema 
that were made near Australia and also in the Indian Ocean. Thus, 
the permanent sound channel at mid-depths has been shown to pro- 
vide for reliable acoustical communication over distances of many 
thousands of miles. | 

In other words, we have transmitted acoustical signals past the 
end of Africa. This is a rather better form of communication than 
radio signals. 

Senator Enexe. Let’s understand that. Do you mean to say they 
broadcast a signal near Australia ? 

Mr. Isexin. They were near Australia and the people at Bermuda 
heard it. 

Senator Enetz. In order to do that, it had to go around the conti- 
nent because of separation by land masses? 

Mr. Iset1n. There is a permanent sound channel that exists nearly 
everywhere in the ocean. It acts like a speaking tube and when you 
use it right, you can transmit low frequency signals over great dis- 
tances. 
We have known for 15 years that we could do this back and forth 

across one ocean but what we haven’t known is that we could signal 
from one ocean to another. 

Senator Enere. And that isa level in the ocean ? 
Mr. Isrxin. Yes. 
The CHarmrman. But subject to change at times. That is what we 

want to find out. Is it a permanent window or is it moving around ? 
Mr. Isrxin. This business of the coherence of the signal and so on 

are perhaps things I shouldn’t be talking about, but a lot is known 
about this now and the whole subject has been going ahead at a very 
satisfactory rate. The significant thing I want to emphasize here is 
that this was not developed by statisticians but by people doing basic 
oceanographic research. 
It is hardly an exaggeration to state that most of the modern sub- 

marine-detection systems stem from concepts put forward by Dr. 
Ewing and his collaborators now nearly 20 years ago, and the fact 
that Dr. Ewing had the opportunity to take his particular kind of 
aes to sea has gained us a great many years’ advantage over other 
people. 
_ Amphibious warfare is another area in which oceanography made 
important contributions during World War II. Under the leader- 
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ship of the late Dr. H. U. Sverdrup means of predicting on a day-to- 
day basis the characteristics of the surf on a given beach were quickly 
worked out and were used with great success during the latter half 
of the war. 

It is now fairly evident that other types of environmental forecasts 
of the three dimensional characteristics of large areas in the deep ocean 
could play a vital part in the success of any future war at sea. From 
the technical standpoint such forecasts seem quite feasible and a good 
beginning is being made to establish such a service at the Hydro- 
graphic Office. A large bonus can be expected from the oceanographic 
data gathering network that is now envisioned. It can undoubtedly 
contribute much to improved long range weather forecasting. 

Oceanographers and meteorologists are eager to gain the sorts of 
understanding that will permit reliable predictions of what will take 
place in both mediums. The Navy is making rapid progress in un- 
derstanding how their operations can be made more efficient in this 
way. 
As we sit here this morning, four of our small ships are conducting 

the most ambitious piece of research that has ever been attempted in 
support of a marine environmental forecasting service. The com- 
bined scientific parties total about 45 experienced men. The cost of 
this operation is roughly $10,000 a day and it will last for nearly 3 
months. 

The last time that we attempted any such operation was nearly 9 
years ago and it has taken until now before we could be certain that 
we could improve significantly on these earlier preliminary results. 

Besides the four ships, there is a plane acting as the weather permits, 
as the quarterback of the operation. The plane has means of observ- 
ing sea-surface temperature. It transmits this information to the 
ships and they are employed accordingly to develop the third dimen- 
sion of the observed surface temperature distribution over an area 
extending from southern New England nearly to Bermuda and east- 
ward as far as the Grand Banks. 
This is the beginnings of synoptic oceanography. Day before yes- 

terday I was briefed on the results of the first 10 days of the operations 
and they are mighty encouraging. But only a handful of people in 
the country know that this is going on and fewer still understand its 
full significance. 

If theoretical considerations that we have good reason to expect to 
be correct are confirmed by this large and expensive operation, then 
an airplane and a few carefully instrumented buoys can continue to 
monitor this whole large area and we can know what part of the ocean 
is doing day by day. 

This is both scientifically exciting and an important part of the 
problem of detecting and destroying enemy submarines equipped with 
ballistic missiles. I am sorry that I can’t enlarge on this statement. 

This operation has been made possible through the cooperation of 
several agencies, both governmental and private. The cooperation 
between the fellows who are working actually at sea today or in the air 
or beneath the seas, the cooperation is excellent. Even the pilots of 
the planes are willing to expend some of what they call their wife’s 
gasoline in order to assure the success of the operation. 
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People are working around the clock, not for a day but for days on 
end. 
From where I sit, what bothers me is that the entire operation has 

had to be organized at the working level. The senior members of the 
cooperating agencies have really no time to understand what we are 
trying to do, or what it really means to them in terms of the efficiency 
of their service. 

In my opinion, Mr. Chairman, the most important thing that any 
bill that you can devise in support of marine science could do is to 
remind the heads of agencies (agencies which are in fact cooperating 
at the working level) that they, too, should take part in the planning 
of such future operations and that they should be cooperating as vig- 
orously as the fellows who are struggling with seasickness and airsick- 
ness this morning. 

Senator Enerr. What was this remark about ballistic missiles? 
Mr. Isrnrn. I said this particular operation cuts to the heart of the 

problem of setting up a surveillance system that would monitor this 
area and enable you to know in plenty of time that something you 
didn’t want was there. 

Senator Enerz. Do you mean by underwater devices of some type, 
is that what you are talking about ? 

Mr. Isrirn. This operation is the key to understanding how to de- 
sign a sure-fire underwater surveillance system. 

The CHairman. And in a broad area 4 
Mr. Isrxtn. Yes. 
Senator Eneiz. With regard to this channel, or level where you can 

transmit practically around the world, that is low-frequency, is it 
not ¢ 

Mr. Isrrin. Yes, because low frequencies are not attenuated in sea 
water as rapidly as high frequencies. The channel also transmits 
higher frequencies but the lower you go the further your range can be 
expected. 

Senator Enetr. This evidently isn’t a line-of-sight business such as 
it is with the very high frequency radio transmission where you have 
to have line of sight and an obstruction can frustrate the signal ? 

Mr. Iserin. Perhaps Mr. Worzel could say whether he thinks he is 
getting reflected signals. 

The Cuarrman. Dr. Worzel is here. He is with the Lamont Ob- 
servatory and he can also talk about specifics a little bit. How this 
affects the undersea warfare and defense. 

Mr. Worzex. I am John Lamar Worzel, professor of geophysics at 
Columbia University and assistant director of Lamont Geological 
Observatory. 

In answer to your question, Mr. Engle, the path was the great circle 
path from Australia to Bermuda. In the usual maps we look at this 
path is not obvious, but on a globe it becomes immediately obvious 
that it is a great circle path. If there is an obstruction such as a 
continent or an island in between on the great circle path, it will 
obstruct the sound. We do get reflections, however, from many sur- 
faces and we haven’t yet learned how to use these as well as we have 
the directly transmitted sounds. 

Senator Enerr. You haven’t gotten so you could bounce a sound 
off a place under the water like you bounce a sound off the Moon? 
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Mr. Worzeu. Oh, yes, we have, sir. About 5 years ago we plotted 
nearly all the sea mounts and most of the shorelines of the Atlantic 
Ocean from Bermuda by the sounds reflected by the depth charges we 
were using in another experiment. 

Senator Enexn. That is very interesting. 
Thank you, Mr. Chairman. 
The CuairMan. The importance of that is, of course, as submarines 

are able to go deeper and deeper, they have to have a roadmap just 
like a person driving a car, and we are finding sea mounts all over 
the ocean we never knew existed. 

Dr. H. B. Stewart, of the Coast and Geodetic Survey, who returned 
on the Haplorer yesterday, said they found a new submerged reef off 
Cuba. 

I think Dr. Worzel will point out in his statement the real problem 
is when research vessels go out they can’t concentrate particularly on 
some exciting thing like this; they have to be doing a hundred and one 
things because of bad equipment and the fact the vessels are not 
adequate. 
How old is the Hxplorer; 20 years old, isn’t it? I think they told 

me yesterday it is 20 years old. 
Go ahead. 
Mr. Worzeu. I am substituting actually for Prof. Morris Ewing, 

the director of our laboratory. 
Senator Enerz. Mr. Chairman, I have to leave to go to the floor 

and I am intensely interested in what is in your statement with regard 
to oceanographic laboratories. 

I was out on a ship equipped for oceanographic studies off the 
Pacific coast. It is operated by the University of Southern California, 
by Captain Hancock out there. They showed me some devices they 
had for collecting information under the water. I would like to ask 
this question: Do you have something specific to suggest as to how we 
can improve the equipment we have? 

Mr. Worzev. We are attempting to improve our equipment our- 
selves right along, as are all the other major oceanographic labora- 
tories within the limitations of our funds and personnel. To try to 
be specific on any one item I could take the rest of the day very 
readily. 

Senator Ener. They let down a grappling hook, I notice. 
The Cuarrman. We will put your statement in the record in 

full. It is just a short one here. 
The doctor says there is a great need for more modern and able 

ships and the ships must be available on a long-term basis to the 
laboratories to which they are assigned and not be subject to being 
withdrawn on short notice for more urgent programs, which is 
another name for apphed research. 
Then this could be accomplished by transferring ships to nonprofit 

laboratories which the bill envisions. They could be exchanged. 
I would think that all the testimony, even from the Government 

agencies, would be unanimously of the opinion that all our ships 
are obsolete and inadequate. There is no question about the need 
for new ships in this whole field and the assignment of these ships 
to a job that the scientists think they can do and pursue. 
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You point out in a 10-months cruise of one vessel, a great number 
of programs are undertaken. In other words, the soup is getting 
too thin on some of them, isn’t that right. 

Mr. Worzeu. We don’t feel justified in sending a ship around the 
world without their undertaking as many programs as can be sup- 
ported on the ship. The limitation is on the size of the ship and 
her space for scientists. 

The Carman. Also, Dr. Ewing’s statement will be put in too. 
It refers to seismic refraction at sea. If you will explain that briefly 
to us we will put this in the record, of course. 

Mr. Worzrx. Do you wish me to read. the statement? 
The CHaimrmMan. You can summarize it and we will put it in in full: 
Mr. Worzet. In seismic refraction studies one fires an explosive 

from one ship and listens to the sounds which travel through the 
body of water and through the various layers in the bottom of the 
ocean to another ship at distances varying between a few miles and 
up to 60 miles. These studies are of importance geologically in un- 
derstanding the structure of the ocean bottom. From them we can 
determine the velocity of sound in the layers beneath the bottom 
and the thickness of the layers and we can then make reasonable 
judgments about the type of materials that are in the layers. In 
essence, seismic refraction is an “X-ray” technique for looking at 
the bottom of the ocean. 

In the course of this work, it is necessary to determine the velocity 
of sound in the water layers throughout the ocean. This study led 
Dr. Ewing to his thoughts about the sound channel. 

Seismic studies at sea were the forerunner to the development of 
techniques which the petroleum industry now uses in their offshore 
exploration work. They have taken our work and extended on it 
for their own purposes. 

The CuHatrman. Then Dr. Ewing also points out the great amount 
of good will that has come from all of us working together, with 
some of the other people in the free nations, and I suppose a lot 
is due to the International Geophysical Year too. From that we have 
found out a few things. i 

Mr. Worzeu. Yes, sir. 
The CuHarrman. It has some international aspects too because the 

seas are international. 
Mr. Worzet. Oceanography both benefits by and contributes to 

international cooperation. 
If you will notice the paper entitled “International Relations,” we 

have worked with our ships, cooperatively with the ships of the fol- 
lowing nations: Chile, South Africa, Spain, Brazil, Argentina, and 
Australia. 

In addition to this, we have entertained on board our ships, and the 
other institutions have done likewise, 15 Argentinians, 8 Italians, 6 
South Africans, 5 Chileans, 5 Spaniards, 4 Germans, 4 Peruvians, 4 
Australians, 4 Turks, 1 Greek, 1 Hollander, 1 Algerian, 1 Japanese, 
and 1 Bermudian. 
The great diversity of nationalities that are on our ships raises a 

great interest in the foreign ports that our ship touches and invariably 
there is an item in the press favorably extolling the international 
cooperation that is exhibited by just one of these small ships operating 
in this way. 
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The Cuarrman. With regard to what the Russians are doing in this 
whole field, I have the distinct impression—I don’t know whether 
the results are as good as some of the things we have been trying to 
do, but at least their activity in the field of oceanography is much 
greater than ours. Would that be a correct statement? 

Mr. Isrtrn. Yes, they cranked up their oceanography about 10 
years ago. They are not very good at it yet, but if money and people 
count, why they have got it. 

Senator Lauscur. Repeat that. 
Mr. Iset1n. I say if money and numbers of people count in scientific 

achievement, they should be doing well soon. 
The Cuatrman. In other words, they are putting much more of their 

efforts to this task and spending a great deal more upon this. 
Senator Lauscur. What is the source of your observation on the 

quantity of money and people that they are applying to the task? 
Mr. Isexrin. We know the number and size of their laboratories and 

about how many people are in them. 
Senator Lauscur. How was that obtained ? 
Mr. Isex1n. Through the International Geophysical Year there has 

been a very free exchange of information. We have visited their 
laboratories, they have visited our laboratories. We read their publi- 
cations; they read all of ours too. We have a good idea of what is 
going on in the nonmilitary aspects of the earth sciences in Russia. 
We have very little knowledge about what they are doing in the 

military applications. 
The Cuarrman. But if a nation has approximately 500 submarines 

of all types, surely there must be a similar activity, of necessity, in 
the military applications. _ 

Mr. Isrrrn. I spent a whole summer with the help of around 60 
very smart guys trying to answer this question and we have yet no 
evidence that they are particularly sophisticated in the use of these 
submarines. 

Senator Lauscur. That is, their submarines are short-range and 
not in the long-range category that they have? 
Mr. Isein. No, they have long-range submarines, but I have no 

evidence that they are able to use them as smartly as we are able to use 
our submarines. 
Senator Lauscur. Now, to what do you ascribe our sophistication in 

the face of the fact that they have given it more money and more 
people? 

Mr. Isertin. We got started 20 years ahead of them. No Russian 
oceanographer went to sea until after World War IT. 

Mr. Worzexu. They had no program in marine geophysics until 
about 10 years ago and we have had a program in marine geophysics 
since about 1935 in this country. 

Senator Lauscur. Do you know whether they have developed any 
commercially feasible extraction of minerals out of the seas? 

Mr. Isetin. I don’t think they have. 
Senator Lauscun. Have we done it ? 
Mr. Isetin. Well, we are getting bromine and we are extracting a 

few chemicals out of the sea. 
Senator Lauscur. What about magnesite, where they are taking 

the magnesium out of water and mixing it with dolomite and making 
magnesite brick. 
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Mr. Isetin. I don’t know about this. 
Senator Lauscur. Do you know about it, Dr. Schaefer ? 
Mr. Scuarrer. Yes, sir, we have been extracting magnesium from 

sea water both in California and also I believe it is in Freeport, Tex., 
for quite a number of years. Actually I don’t think the Russians are 
using this technique because of terrestrial sources. Magnesium is one 
thing we don’t have much of from other sources and we take it out of 
the sea. It is a well known technique, however, and can be done any- 
where in the world. 

As far as these mineral deposits on the sea floor are concerned, no 
one has started exploiting them as yet. In fact, it was only during 
the International Geophysical Year and some of the expeditions since 
then that there have been discovered deposits of minerals that are 
sufficiently rich so that it looks as if feasible engineering techniques 
can be developed to recover them. Expect that we will be mining 
them within the next 5 or 6 years. 

Senator Lauscur. Now, I would like to ask this further question: 
They started later than we did and it is for that cause that they are 
in back of us, from the standpoint of sophistication. 
Ae they making progress now indicating that they are catching 

up ? 
Mr. Isrxin. They are catching up quite rapidly in some areas. 

For example, in the geophysical techniques, and they are very good at 
seismology and so on. Their main interest, as you can see in reading 
their papers, seems to be in biology. 

Senator Lauscue. In both physics and seismology they have shown 
signs of progress. Now, what are some of the other fields in which 
they have not? 

Mr. Isrxrn. In the classical field of physical oceanography—that is, 
the understanding of the movements of the water and variability of 
these movements and learning how to predict these movements, there 
is very little evidence in their literature that they are even beginning 
this problem. They will begin on it but their first major effort was 
to train a large number of people and the ships they are using, they 
are using in a rather routine way as part of a schooling system to 
build up a stockpile of people familiar with the marine sciences. 
Mr. Scuarrsr. Mr. Chairman, if I could interpolate one remark 

with respect to marine biology and fisheries so that you won’t get a 
wrong impression, actually the Russians have been doing rather ad- 
vanced work on marine biology and particularly oceanography in 
support of fisheries development for about as long as we have. 

In fact, they had a three-vessel expedition working in the Bering 
Sea in 1935 and 1936. They have made a thorough survey there of the 
fisheries and the currents and the types of bottom and so on and in 
the fisheries resource development field their work is every bit as good 
as ours and in some cases it is advanced. 

For example, one of their submarines, the Severyanka, has been 
converted into a machine with windows in it and sampling devices to 
study the upper reaches of the ocean, particularly in relation to the 
distribution of the herring and other fish in the North Atlantic. 
They have made some interesting discoveries with the submarine. 
This is one field where they are at least abreast of us. 

Senator Lauscuz. From an applied standpoint, have they made 
advances in excess of ours, if at all? 
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Mr. Scrarrer. I would say equal to ours. One example of this is 
the use of the Severyanka in the herring fisheries in the Norwegian 
and Barents Sea. By using this submarine they were able to make 
observations on the behavior of the herring. On the basis of these 
observations they were able to design gear to greatly improve their 
catches. This is just one example. 

I wouldn’t say they are ahead of us, but they are certainly abreast 
and they are certainly working at it very hard. 

Senator Lauscun. What do you suggest in brief words is essential 
to be done by our Government to properly attack this problem so that 
it will be developed to the best advantage of our country 4 

Mr. Isetin. Well, we suffer from projectitis. That is, we get our 
money in relatively small packages and the package specifies in rather 
considerable detail what you do with the money. In other words, 
there is very little untagged money available in support of the marine 
sciences. You have to dream up a project, the project has to look 
good, you come down to Washington and you get the money but the 
fact that you were able to dream up this project means you almost 
knew the answer before you came. So projects are not basic research. 
But the money comes to you as projects. 

Now, projects are good because you have to have some control over 
the money and all I am really saying is that you need perhaps 30 per- 
cent of untagged money in order to be able to use these ships imagi- 
natively and get at entirely new things. 

Senator Lauscue. That is to apply the 30 percent in the field of 
scientific research instead of applied. 

Mr. Isr1in. No; we get applied money for applied research. J am 
talking entirely about basic research. It is just that you need a certain 
amount of “adventure” money, money that you can’t tell a fellow 
sens at a desk here in Washington just what you are going to do 
with it. 

Senator Lauscur. That is all I have. 
The Cuarrman. And the size and number of Russian research ships 

exceed ours, do they not? 
Mr. Isetin. Yes. We think their ships are too big, that they are 

inefficient, and that we couldn’t possibly afford to run such big ships, 
and I think they are quite unnecessarily big except they are using them 
as a kind of a graduate school for trained technicians. 

The Cuamman. We do have a lack, do we not, in your opinion, of 
equipment—let’s say ships, and equipment ? 

Mr. Iserin. Yes. Our ships are getting old and we know how to 
design very much more effective ones. They have got to be replaced. 
The Government laboratory ships are all on their last legs and were 
conversions in the first place. We have got to start a building pro- 
gram both for the Government laboratories interested in the sea and 
for the private laboratories. 
_ Now, the main thing that you have to design into these new ships 
is great quietness. Many of our techniques involve using underwater 
acoustics. We are exploring the sea in many different ways, includ- 
ing biological ways, by using acoustical devices. Well, if you are 
using acoustical devices, you want a quiet platform on which to use 
them. So that getting great quietness in the new ships is a primary 
design difficulty. Other factors such as stabilizing the ship is fairly 
straightforward. We know how to do this. 
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These ships will be an experiment in quietness. In other words, 
these will be the first ships that were ever built where the primary 
effort in the design was for quietness rather than efficiency of the 
powerplant. Through this I am quite certain that the Navy is gomg 
to learn a great deal about quieting their own ships and by quieting 
their own ships their abilities to detect submarines will be greatly 
improved. 

The CuHatrman. And, of course, that conclusion would dictate, be- 
cause of the very nature of this thing, that you must have a plan; and 
No. 2, you must get at it because it takes 3 or 4 or 5 years to get one 
of these things ready. 

Mr. Isexin. And what you learn out of building the first ship should 
be applied to the design of the second and third, and so on. 

This could be the greatest experiment in naval architecture that 
was ever pulled off, because these ships can be studied, they can be 
instrumented, and you can do things with a small ship that you can’t do 
in a large one. 

The Cuarrman. Thank you, Dr. Iselin. Are there any questions? 
We will put all of the other statements in the record. 
(The papers submitted by Dr. Worzel follow:) 

INTERNATIONAL RELATIONS 

The cooperative assistance of international groups on oceanographic re- 
search which have not been formalized by international agreements or commit- 
.tees is large. For example, our present cruise will be the fourth cooperative 
effort with the Argentines. They have provided one or more ships to work 
with R. V. Vema each of the past 4 years, and have supplied a major part of the 
‘logistical support. : 
« We have supplied much of the scientific know-how and most of the instru- 
-mentation for seismic refraction work, magnetic work, topographic surveys, and 
‘coring work. A great deal has been accomplished in detailing the Argentina 
continental slope and shelf in the Scotia Sea, and the passages near Tierra 
Del Fuego. The most cordial relations prevail and over 15 of their people have 
spent a reasonable time on our ship being trained in our kinds of operations and 
at least 10 of our people have worked on their vessels for various lengths of 
time assisting them in installing and operating various equipment. 

Similar, but less extensive, cooperative work has been accomplished with the 
Chileans, South Africans, Spanish, Brazilians, and Australians. 

In addition, many foreign scientists have been accommodated for periods of a 
week or more to observe and participate in the oceanographic work. For exam- 
ple, on our ship we have had 15 Argentines, 8 Italians, 6 South Africans, 5 Chile- 
ans, 5 Spaniards, 4 Germans, 4 Peruvians, 4 Australians, 4 Turks, 1 Greek, 
1 Netherlander, 1 Algerian, 1 Japanese, and 1 Bermudian spend between a week 
and up to several months working on board. The great diversity of nationalities 
working cooperatively on board is always an object of great interest in the foreign 
ports at which we touch and almost invariably exerts favorable comments from 
the local press. 

RESEARCH VESSELS OF THE PRIVATE OCEANOGRAPHIC LABORATORIES 

The research vessels of the private oceanographic laboratories differ somewhat 
from each other and greatly from those of the Government agencies. This is due 
to the great variety of investigations that are undertaken on each of these vessels; 
to the primary concentration of each of the laboratories on different aspects of the 
oceanographic problems; and to the great duration of a cruise in order to deter- 
mine the geographic distribution of the various phenomena and to see how repre- 
sentative areas investigated in great detail are related to other areas of the 
world. 

As an example, on a 10-month cruise of one vessel the following programs were 
undertaken: Submarine topography, carbon 14 studies of oceanic circulation, 
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hydrographic observations, bottom sediment coring, bottom and mid-depth pho- 
tography, bathythermograph measurements, continuous magnetic field measure- 
ments; plankton sampling, bottom biological trawls, ocean floor temperature 
gradients, seismic refraction transmission studies, and gravity measurements. 
One of the major laboratories concentrates heavily on the hydrography and sonar 
work and a third on seismic refraction measurements and ocean cores. 

Consequently, the ships for each laboratory must have great versatility and a 
primary space allocation for their major field of research. In some cases this 
means equipment for mid-depth operations, in another equipment for aerological 
work, in another complex electronic systems for acoustical analysis, in another 
heavy equipment for frequently operating on bottom, and in another a large 
capacity for carrying explosives. These varying requirements demand different 
arrangements and qualifications for the ships; much more than a fairly stand- 
-ardized observational program for surveys. It is therefore felt to be important 
that each ship be designed largely to fulfill the requirements of the laboratory 
‘which will use it. 

There is a great need for additional modern and more able ships. These 
‘ships must be available on a long-term basis to the laboratories to which they 
‘are assigned and not subject to being withdrawn on short notice for more “ur- 
gent” (another name used for applied research) programs. ‘This can probably 
best be accomplished by transferring the ships to the nonprofit laboratory. Simi- 
larly it is important that the jurisdiction of supporting facilities be vested in the 
nonprofit laboratories. 

The funding of ship operations poses a great headache on a project basis. 
Sometimes ships have had to depart on long cruises without sufficient funds 
to assure the completion of over half the cruise. This is caused by the uncer- 
tainty of the continuation of an active project up for renewal several months 
after the ship has put to sea. In other cases it results from the uncertainty of 
funding a new project in a new fiscal year. This uncertainty causes poorer 
cruise planning than could be desired, and considerable inefficiency and difficulty 
‘to secure the necessary funds for the completion of a cruise. Funds for opera- 
tions of privately owned vessels operating for basic research are as vital to the 
goniued healthy growth of basic research in oceanography as for Government 
vessels, 

_ It is vital to have the operation of research vessels in basic research under 
the direct control of the operating laboratory and the chief scientist on board, 
if great opportunities are to be seized when they offer themselves, rather than a 
‘Strict adherence to schedule. It is also vital to the esprit de corps as well as 
the cooperative working of the professional seamen and the professional scien- 
tists. There are difficulties enough on small ships operating in distant oceans 
without the additional controversies arising from divided operational control. 

DEFENSE APPLICATIONS 

SEISMIC REFRACTION AT SEA 

These studies result in the geological information of layer thickness and 
velocity. From the velocity reasonable conclusions can be made about the types 
‘of rocks or sediments. These data have defense applications in defining the 
acoustic impedance of the bottom which controls the fraction of incident energy 
‘reflected from bottom. Sonar systems which may use bottom reflections there- 
fore depend on this work for any possibility of predictions. The earliest work 
‘in seismic refractions in deep water led to the consideration of the whole velocity 
‘depth profile in the deep ocean. This velocity depth profile suggested to Dr. 
Ewing the possibilities of the system now referred to as Sofar which has been 

-eovered in some detail by Dr. Iselin. 
The bottom topography studies record the water depths along ship’s tracks 

and try to relate these to physiographic provinces. Just after World War II, 
tthe state of knowledge of the physiographic provinces were so primitive that it 
was thought that the ocean floors were flat featureless plains which were occa- 
sionally interrupted by continents, islands, trenches, and a few ridges such as 

‘the Mid-Atlantic Ridge. 
Now we recognize that these were only the major features and many physio- 

graphic features such as the continental rise, abyssal plains, multitudinous sea- 
mounts, small rises, midocean canyons, and plateau-like steps exist. 
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It was found that the abyssal plains were so flat that with the instruments 
available it was not possible to determine how flat they were. ‘This led to the 
development of the precision depth recorder, now called the PDR, in order to 

determine how flat the abyssal plains really are. 
They have proved to have features less prominent than about 1 foot and in 

many cases to be more level than the best of billiard tables. This instrument 
has proved to be ideal for many defense problems, and over 50 of these have 
been put into operation on classified projects. Soundings have, of course, been 
used for navigation since before Revolutionary days. 

The new accuracy and detail available with the PDR makes the ocean depths 

even more useful for navigational purposes. Needless to say, it is only useful 

to the accuracy to which it is originally located. The private laboratories have 

done the greatest part of the precision sounding work to date and unfortunately 

they must rely on celestial navigation and dead reckoning and loran (within 

about 500 miles of the United States) to locate these features. It is unfortu- 

nate that the more accurate navigation systems available to the Defense De- 

parment have not been available for these primary studies. An outgrowth of 

the PDR is the SDR (sub-bottom depth recorder) which records echoes from 
beneath the sediments of the ocean floors. This work is quite new and its uSe- 
fulness for defense applications is still imperfectly known. It does promise to 
find features in the sub-bottom where the bottom is too featureless to use in 
navigation. These studies will aid in designing the foundations for Texas tow- 
ers, and other structures to be built in the ocean for defense purposes. They 
have already been used very successfully in the foundation studies of bridges 

and tunnels and in the search for petroleum in water-covered areas. 

Magnetic detection techniques were introduced in World War II for the de- 

tection of submarines. This equipment has been modified so that it is now used 

to measure the earth’s magnetic field continuously wherever many of our 

oceanographic research vessels travel. We have found that there are clear 

magnetic signatures near the margins of continental shelves and over seamounts 

and other structures. Needless to say, these are potentially useful for naviga- 

tion. In some areas there are features which can easily be confused for sub- 
marine signatures. In such areas defense groups could potentially waste much 
time chasing ghosts. It is obviously urgent to locate each of these areas and 

delineate them. Once again the limitation for the use of these features for 
navigation is the accuracy of their original position determination. 

Gravity observations have been made at Sea on submarines since 1954. De- 
spite many efforts it only became possible to make measurements at sea on a 
surface vessel in November 1957. Since topography is of primary importance in 
making a gravity signature, the gravity measurement is potentially the secure 
sounder. ‘This is so since it makes no signal that anyone can detect, and it is 
unjammable by man as yet. In addition, there are features of the gravity field 
caused by the sub-bottom structure in regions where topography is featureless. 
The potential use of gravity measurements for navigation is obvious. Gravity 
measurements are also useful to determine the precise shape of the world— 
approximately an oblate -ellipsoid. Gravity measurements’ provide the. only 
means to obtain the absolute deflection of the vertical at a location. Unfortu- 
nately, almost all systems for position determination depend on the direction of 
the vertical. In many places, particularly near continental borders, islands, 
oceanic ridges, and deeps, the vertical may be deflected enough to mislocate 
oneself by a mile or more. 

Better navigation in the broad reaches of the ocean is urgently needed for 
all oceanic operations. The ability to use topographic, magnetic, gravity, or 
other features for navigational purposes is limited by the accuracy of their 
original location. For this purpose it is not important that the system could be 
jammed in a conflict or that its use betrays the user. Once the other features 
are located the jammability or self-betrayal of the parent system no longer is 
vital. Probably the system most likely to succeed is the use of Sofar. To date, 
every attempt to check the accuracy of the Sofar system has yielded the errors 
of the system against which it is checked. Logistically, it is impractical to jam 
a Sofar system for a long period of time. 

It is probable that it will be necessary to use a combination of the various 
possible navigation systems for defense purposes. In some cases, one will be 
superior and in others another will be superior. In general, more than one will 
be required. The inertial and electronic systems will have to be checked and 
restarted in the event of electronic failure. At sea the topographie and geo- 
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physical signatures will permit these procedures only if these features are well 
located in advance. It is vital to provide the best navigational devices to the 
pioneers in these geophysical methods at the earliest possible moment. 

It is possible that artificial satellites may provide a suitable navigation sys- 
tem. It is yet too early to evaluate the accuracy and reliability potentially 

available. 

(A. biographical sketch and statement submitted for Dr. Maurice 
Ewing follow :) 

Maurice Ewine 

Address: Lamont Geological Observatory, Columbia University, Palisades, 
N.Y. 

Major field of interest: Geophysics, particularly seismology and oceanography. 
Born: Lockney, Tex., May 12, 1906. 
Degrees: Rice Institute, B.A., 1926; MA., 1927; Ph.D. 1931. 
Honorary degrees: Washington and Lee, 1949; University of Denver, 1953; 

Lehigh University, 1957 ; Utrecht University, Netherlands, 1957. 
Professional career: Instructor, physics, Pittsburgh, 1929-30; Lehigh, 

1930-36; assistant professor, Lehigh, 1936-40; associate professor, Lehigh, 
1940-43 ; on leave for work at Woods Hole Oceanographic Institution during the 
war, 1940-45; associate professor, Columbia University, 1944-47; professor 
(geology), Columbia University, 1947—; presently Higgins professor of geology 
and director of Lamont Geological Observatory, Columbia University. 
Awards: Hohenthal scholar, 1923-26; Guggenheim fellow, 1938-40; Joseph 

Henry lecturer, 1949; distinguished lecturer, American Association of Petro- 
leum Geologists 1947 and 1953 ; Westbrook lecturer, 1951; U.S. Navy Distinguish- 
ed Service Award, 1955; Order of Naval Merit, Argentine Republic, 1957; Agassiz 
Medal, 1955; Day Medal, 1949; William Bowie Medal, 1957; National Academy 
of Sciences; American Academy or Arts and Sciences; Royal Netherlands Acad- 
emy of Sciences and Letters; honorable member, Society of Exploration Geo- 
physicists ; American Philosophical Society; Vetlesen Prize, 1960. 

Member: Geological Society of America, fellow; American Geophysical Union, 
vice president, 1953-56, president, 1956-59; Physical Society; American Asso- 
ciation of Petroleum Geologists; Society of Exploration Geophysicists; Seis- 
mological Society of America, president, 1955-57; Panel on Seismology and 
Gravity and Panel on Oceanography, IGY; ex officio member, U.S. National 
Committee for the IGY; National Academy of Sciences, Committee on Oceanog- 
raphy, University Committee on Polar Research and Mohole Committee; U.S. 
Panel on Seismic Improvement ; NASA Space Sciences Working Group on Lunar 
Explorations. 

Leader: Oceanographic and marine geophysical expeditions, 1936 to the 
present. 

Scientific contributions in earthquake seismology ; submarine geology ; gravity; 
ocean-bottom photography; submarine acoustics; seismic refraction and reflec- 
tion surveys; magnetic surveys; oceanography; climatology; structure of the 
earth’s crust and mantle. 

STATEMENT OF Dr. Maurice Ewine, PROFESSOR OF GEOLOGY AND DIRECTOR OF 
LAMONT GEOLOGICAL OBSERVATORY, COLUMBIA UNIVERSITY, ON THE MAGNUSON 
MARINE SCIENCES BILL 

Senator Magnuson and members of the committee, I regret that I cannot be 
present at these important hearings. I must leave for Argentina to join our 
research vessel Vema at sea near Cape Horn. This is Vema’s fourth expedi- 
tion into high southern latitudes, and I value so highly the splendid cooperation 
of our Argentine colleagues that I wish to be aboard the ship for the duration 
of our work with their vessel Capitan Canepa. 

The National Academy of Sciences’ Committee on Oceanography has, in its 
report, attempted to analyze both the status of our knowledge of the oceans, 
and the need for increasing this knowledge. It is clear that the oceanographic 
research of our country must be greatly expanded if we are to maintain our 
position as a Nation whose power and scholarship are second to none. 
My own work has been devoted to the applications of the disciplines of mathe- 

matics and physics to the study of the earth. Through the years as my work 
developed, the most significant and interesting problems about the earth as a 
planet appeared to be solvable only by a closer study of the oceans and the 
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erust and mantle beneath them. This study is my life’s work. Thus, it is evi- 
dent that my point of view might be characterized as that of the so-called “pure 
scientist’? who is not primarily concerned with the application of his studies. 
Yet I can truthfully say that the instruments developed by me and others at 
Lamont Observatory, and the papers published by us in reporting on our work 
have made as important contributions to the science of antisubmarine warfare 
as has the work of any other group. This is an example only. We have also 
played an important part in several other Defense Department programs. I say 
this not to boast, but to point out that basic research and applied research overlap 
and also stimulate each other. That is the reason why we have never found 
it irksome to have our financial support come not only from the National Science 
Foundation, but also from the Office of Naval Research, the Bureau of Ships, 
and the Atomic Hnergy Commission. The problems which are important to them 
are important to us too—although sometimes for different reasons. In general, 
these agencies realize that as well as we, and have given us commendable freedom 
to plan our own research program. 

Our oceanographic research program aboard Vema has also afforded us won- 
derful opportunities to work with the scientists of other countries. To make 
the seismic refraction measurements which are a major part of our program 
at sea, we need at least two ships—one to set off the sound source, and one 
(preferably more) to record the arrivals of the sound waves. We have not been 
able to send out two ships on our long expeditions, and have|sought the coopera- 
tion of other navies and scientific institutions. In the last 3 years we have 
worked with ships and men of Italy, Greece, Turkey, Spain, Union of South 
Africa, Australia, New Zealand, Brazil, Chile, and Argentina. Now I am speak- 
ing only of those who provided ships. We have had joint programs with indi- 
viduals in many additional countries. 

Working together creates new friendships, not only for us at Lamont, but for 
the United States and its scientific establishments. A good example of this may 
be seen in the relationship between the Argentine Government and our laboratory. 
It began in 1957 as a cooperative program with our ship Vema and the Argentina 
Hydrographic Office ship Bahia Blanca. From that it has grown to a program 
which now includes four successive oceanographic expeditions, one IGY seis- 
mological station near Buenos Aires, a young Argentine seismologist studying at 
Lamont for a year, a very gifted man from the Argentine Oil Co. (YPF) working 
here on a Guggenheim fellowship have helped them to build more instruments. 
We share data obtained jointly and also independently in the areas where we 
both work. Our contacts with Argentine scientists have led to their friendship 
with Americans at other institutions and to still more joint programs among these 
groups. Most valuable to me, our efforts to find a vessel to work with Vema have 
led to warm and indestructible friendships with Comdr. Luis Capurro, Capt. Jorge 
Palma (in Washington), Admiral Grunwaldt (in Buenos Aires) and numerous 
others. We set out to accomplish a program of work, but we have been rewarded 
with far more than scientific results. 

Similar cases could be cited regarding other nations with which we have 
worked, but I am sure that I have made it clear that the oceanographic research 
programs of the U.S. institutions give unequaled opportunities to establish good 
relations with other countries. 

I repeat that I am sorry not to be with you today, and assure the committee 
that I stand ready to help in any way possible. Mail sent to me at my office 
will be forwarded to the ship, and I will be pleased to try to answer any ques- 
tions. Dr. J. Lamar Worzel and I have been friends and colleagues for nearly 
30 years, and the testimony he gives represents my own views very closely. 

Very sincerely yours, 
MAvRIcE E!wIne. 

The Cuairman. We will recess until 9:30 tomorrow morning. 
(Whereupon, at 12:15 p.m., the committee was recessed, to recon- 

vene at 9:30 a.m., Friday, April 22, 1960.) 
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FRIDAY, APRIL 22, 1960 

U.S. Senate, 
CoMMITTEE ON INTERSTATE AND ForEIGN COMMERCE, 

Washington, D.C. 
The committee met at 9:30 a.m., in room 5110, Senate Office Build— 

ing, Hon. Frank J. Lausche, presiding. 
enator Lauscue. Mrs. Ray, if you will step forward, please. 
(A biographical sketch of Mrs. Ray follows:) 

Dixy LEE Ray 

Address: Department of Zoology, University of Washington, Seattle 5, Wash:. 
Major field of interest: Marine biology. 
Born: Tacoma, Wash., September 3, 1914. 
Degrees: B.A., Mills College, 1937; M.A., 1988; Ph. D. (biology) Stanford: 

University, 1945. 
Professional career: Instructor zoology, University of Washington, 1945-47; 

assistant professor, 1947-57; associate professor, 1957-; member staff, Friday 
Harbor Laboratories, 1947—; executive committee 1958-. 

Awards: Guggenheim fellow, 1952-53. 
Member: American Association for the Advancement of Science,. 

American Institute of Biological Science, Western Society Naturalists. 
Scientific contributions in: Microbiology; fish morphology ; marine: 

invertebrates; cellulolytic activity of marine wood-boring animals. 

STATEMENT OF DIXY LEE RAY, ASSOCIATE PROFESSOR OF 
ZOOLOGY, UNIVERSITY OF WASHINGTON 

Mrs. Ray. My name is Dixy Lee Ray. I am associate professor of 
zoology at the University of Washington where my time is divided: 
between instruction in invertebrate zoology on the Seattle campus, 
and research and graduate training at the university’s marine field lab- 
oratories at Friday Harbor. The area of my special interest is marine 
biology. It is a pleasure to be here today and to have this opportu- 
nity to speak in support of an expanded program of research in 
oceanography. 

That it 1s in the best interests of our Nation to increase our knowl- 
edge and deepen our understanding of the world we live in, is suffi- 
ciently self-evident so as to require little justification. The present 
and vital need to focus attention upon study of the sea, and the rea- 
sons why this must be a truly national endeavor have already been 
pointed out by Senator Magnuson in his opening statement. 

I would like to add only this: that I am wholeheartedly in accord 
with what he has said. And it is my opinion that the points he 
stressed express also the convictions of biologists generally. 

57 
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My colleagues on the Committee on Oceanography have already 
presented testimony concerning the broad objectives of the program 
envisioned in ‘the report, Oceanograph 1960-70, and many aspects 
of the recommendations have already been considered in some detail. 
It is now my privilege, and my responsibility, to discuss for a few 
brief moments the vast and significant topic of basic research in ocea- 
nography. 

Basic research is a subject so broad in its scope and so profound 
in its implications as to defy a simple or superficial exposition. Yet 
it is easy to say what it is: Basic research is the unfettered quest for 
new knowledge; it is the study of questions that are asked out of 
wonder and puzzlement; it is investigation motivated only by curiosity 
and interest; it is the search for understanding without concern for 
the practical application of the results or economic exploitation of the 
information obtained. 

All of these statements are true, yet they are also somewhat mis- 
leading. Many problems of great economic import have been and 
continue to be studied because they are intrinsically interesting and 
conversely, unexpected applications constantly arise from research 
of the “purest,” most nonapplied character. 

History is full of illustrative examples in every discipline in 
science; let me cite one or two from the field of marine biology. 
For some years I have been interested in marine invertebrates that 
burrow into various materials in the sea, and we became intrigued 
by one, a minute crustacean, that not only burrows into wood in sea 
water but also feeds on the material that it excavates. 
Now, few animals can really eat wood, but this one does. The piles 

that support a dock or wharf and the wood of floats and boats are just 
as palatable as driftwood. That the feeding and burrowing of this 
insignificant creature causes the destruction of waterfront and mari- 
time structures and consequent monetary losses of a high degree is 
really incidental to our concern to learn how this animal can digest 
so insoluble and unpromising a substance as cellulose. But, during 
the course of our studies, we have learned enough about the creature’s 
activities to suggest some new approaches to the problem of pro- 
tecting wood from biological deterioration. 

Another illustration of the dynamic interplay between the indul- 
gence of curiosity and the usefulness of new information—just 
before the turn of the century, a group of French biologists on a cruise 
in the Mediterranean wondered what makes a jellyfish sting. Think- 
ing that some poison was implicated, they ground up jellyfish tenta- 
cles; small amounts of this material were injected at short intervals 
of time into experimental animals. The result was the first induced 
case of anaphylactic shock, and the science of serology was born. 
_ Many other examples from marine biology could be listed includ- 
ing studies of the curious vertical migrations of planktonic organ- 
isms that we now realize may be significant in transporting materials, 
including radioisotopes, from deeper waters up to shallow areas. 
The whole question of nutrient cycles in the sea, with all its implica- 
tions for future exploitation, reaches out into every discipline, requir- 
ing, for its thorough understanding, information about the behavior 
and ecology of micro-organisms, the formation of communities and 
aggregations, about the interplay between species, the movements of 
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water masses and their chemical composition. Truly the sea is a 
dynamic system with constant interaction between organism and 
environment. 

The point that I am trying to emphasize is that we cannot draw a 
sharp line and say, “on this side we have basic research and on the 
other we have applied; that there is an identifiable or predictable 
area of knowledge that is useful and one that is not.” Indeed, there 
is an incessant feedback and reciprocal fertilization that highlights a 
symbiotic relationship between these two. 
And yet there is a real difference. There is a distinctive intellec- 

tual flexibility, a freedom from any obligation to find an answer to a 
specific question that, if it is not unique for basic research, is most 
characteristic of the approach and the climate in which the uncom- 
mitted search for new knowledge is best fostered. Further, if basic 
research were to be justified wholly on the grounds of future or pos- 
sible usefulness, there is a danger that science will come to be equated 
with technology and looked upon only as a means to practical ends. 

Such motivation would greatly lessen the chances for novel dis- 
coveries and fundamental advances in understanding. It is of the 
utmost importance to all men, and to the general welfare of all our 
people in a philosophical as well as a practical sense, that continued 
and increased opportunities for basic research be vigorously sup- 
ported and jealously guarded. 

Recognizing this, the Committee on Oceanography has identified 
many of the pedad: significant problems that are unique to the sea, 
whose solution will require a major effort in basic research. These 
problems touch upon questions of the greatest import in each of the 
marine sciences. They can be grouped roughly into five categories 
as follows: 

(1) History of the oceans: As our horizons expand to encompass 
new appreciation of the physical universe, we are increasingly aware 
of our acute ignorance about the evolution of our own planet; about 
the origin of the waters; their separation from land; the changes in 
geographical regions covered by the seas and in the bottom contours; 
the dramatic fluctuations in climate during ages past. Many of these 
secrets are locked in the sediments and materials on the ocean floor. 
Probing with new tools and greater insight, the depths of the sea will 
reveal much that has till now remained shrouded in mystery and 
speculation. 

(2) Life in the sea: More than 90 percent of the earth’s different 
kinds of animals are marine. Of the 28 or so well-recognized phyla 
of animals, representatives of all live in the sea and many are con- 
fined wholly to the marine environment. It is lkely that animal 
life as we know it originated in the sea and our present knowledge 
of its great diversity and richness, though extensive, is still frag- 
mentary indeed. Recent findings of creatures lke Latimeria, long 
believed to be extinct, and Neopilina, not previously known to zoolo- 
gists, serve to illustrate this. 
Who knows how many other new forms may yet be found. The 

knowledge gained from a more complete study of marine life would 
help to fill in the gaps that make charting the course of animal evolu- 
tion so perplexing. The structure of marine communities, the inter- 
dependence between species, their fluctuations in abundance, the role 
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of micro-organisms, the turnover of organic matter through photo- 
synthesis and feeding, the great migrations of various species, the 
diverse biochemical activities, the fact that no marine invertebrate is 
known to suffer from cancer or any tumorous condition, biolumines- 
cence, the production of underwater sound and its use in recognition, 
communication, and animal migration; all these and many, many 
others are areas of basic research interest. 

(3) Motion of the waters: The restless sea, and how the waters 
move has always excited the imagination. Indeed, much has been 
learned about the great patterns of circulation and movement, es- 
pecially of the surface waters. Now it is clear that large water 
masses are also moving in the depths, and that enormous streams flow 
along the bottom and at intermediate depths. Upwelling, convergence 
and divergence, turbidity streams, the movements of identifiable water 
masses or cells within the larger body, are related phenomena whose 
study new techniques have now made possible. 

(4) Relationships between ocean surface and the atmosphere: That 
the winds driving across the sea set the surface water into motion, 
create waves, absorb heat, take up moisture that later falls as rain, 
and in general modulate the climate of continents is well recognized. 
But it is not so well understood just how these things happen. Studies 
of the heat and water budget, of carbon dioxide interaction between 
water and air, of the transportation of salt and nutrients, of the 
birth of storms, information that will lead, for example, to more 
accurate long range weather predictions; these are but a few of the 
fertile fields for research. 

(5) Coastal waters, estuaries, rivers: These places, though far re- 
moved from the main body of the open ocean, are nevertheless in 
greater or lesser continuity with it and are areas of intense basic in- 
terest. Here land and water meet. What is the nature of their inter- 
action, and what are the consequences? We know that inshore waters 
are high in biological productivity; can we learn with greater pre- 
cision and certainty why this is so? What causes the molding, 
destruction, building of the shore; how do sediments collect in near 
shore waters; what do rivers contribute to the sea? 

Clearly these are questions for basic research, and clearly it is in the 
best interests of the Nation that such knowledge should be sought. 

The problems are big, like the sea itself. At present, we can only 
dimly see how they could be clarified, for ignorance is difficult to de- 
fine. But we have the natural resources in keen, competent, and in- 
genious human minds. Such people, given the opportunity for free, 
undirected inquiry, will help to retain our position of intellectual 
leadership before the world. We have only to remember always that 
man conquers nature, not by force, but by thorough understanding. 

Senator Lauscun. Dr. Ray, you are associate professor of zoology at 
the University of Washington, is that correct ? 

Mrs. Ray. That is correct. 
Senator Lauscur. How long have you been in that position ? 
Mrs. Ray. I have been at the University of Washington for 15 

years. I started as an instructor in 1945. 
Senator Lauscun. Are you associated as a member with any of the 

groups that are making studies of this general subject, or making 
recommendations that studies should be made? 
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Mrs. Ray. There is a great deal of activity going on not only, of 
course, at the University of Washington, but other places too. Studies 
of the sea are being carried out, biological, chemical, and physical. 

I am familiar with most of the ones taking place at the University 
of Washington, yes. Iam not sure 

Senator Lauscuz. You are here then in the interests of your pro- 
fession and in the interests of the country. That is, are you connected 
with any agency that is financially interested or otherwise in this gen- 
eral subject ? 

Mrs. Ray. Well, speaking for my own work, aside from the support 
of the university that provides all the facilities and materials and so 
on that I need, my research is supported by contract with the Office 
of Naval Research. There are other groups within the university that 
have contracts with the National Science Foundation for the support 
of research. 

The National Institutes of Health is supporting one of our medical 
students. So that at the present time, yes, there are at least three 
major agencies supporting basic research that has to do with the 
marine environment in the area in which I am working. 

Senator Lauscur. You seem to be rather firm in your conviction 
that whether practical use is or is not developed—whatever might be 
discovered—should not be the dominating force in making our deci- 
sion. Basic research should be made because of the richness that it 
contributes to our understanding of the world and because out of it 
may come and probably will come practical application of the discov- 
eries. 

Mrs. Ray. That is right. 
Senator Lauscue. I think that will be all and thank you very much 

for your interesting paper. 
Mrs. Ray. Thank you. 
Senator Lauscur. Dr. Gordon Arthur Riley. 
(A biographical sketch of Mr. Riley follows :) 

Gorpon ARTHUR RILEY 

Address: Bingham Oceanographic Laboratory, Yale Untversity, New Haven, 
Conn. 

Major field of interest: Biological oceanography. 
Born: Webb City, Mo., June 1, 1911. 
Degrees: B.S., Drury College, 1933; M.S., Washington University, 1934; 

Ph. D., Yale University, 1937. 
Professional career: Sterling fellow, Yale, 1937-88: marine biologist, Bing- 

ham Oceanographic Laboratory, 1988-42; marine physiologist, Woods Hole 
Oceanographic Institution, 1940-48; associate professor, Bingham Laboratory, 
1948-52; presently professor of oceanography and associate director Bingham 
Laboratory, research associate Woods Hole Oceanographic Institution, president 
Bermuda Biological Station, member board of advisers, Narragansett Marine 
Laboratory. 
Member: American Society of Limnology and Oceanography, American Geo- 

physical Union, Connecticut Academy of Sciences. 
Scientific contributions in: Hcology and population dynamics of plankton, 

chemical and physical oceanography. 

STATEMENT OF GORDON A. RILEY, YALE UNIVERSITY 

Mr. Ritey. Iam Gordon A. Riley of Yale University. 
In common with other members of the NAS Committee on Ocea- 

nography, I am deeply aware that our country needs to expand its 
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efforts in oceanography. We need more research ships, more shore- 
based laboratories, more instruments, and more men. We are not at 
the present time squarely meeting practical oceanographic problems 
that we need to solve in order to make our defenses more secure and 
our harvest from the sea more rewarding. Along with these prac- 
tical studies, we must stimulate broad and imaginative basic research, 
without which the science will grow sterile, thereby gradually weak- 
ening the vigor of our attack on all oceanographic problems, practical 
or otherwise. 
An increase in oceanographic effort must be geared to our ability 

to attract young people of high intellectual quality and to train them 
to a high level of competence in oceanography. ‘To lower our stand- 
ards in order to produce oceanographers on a crash program basis 
would be a sheer waste of time and money. Our committee felt that 
a reasonable rate of growth would permit a doubling of the oceano- 
graphic population in the next 10 years. We are not talking about 
a large number of people. This would mean turning out about 40 
Ph. D.’s per year, which is about double the current output, and 
about 80 people with lesser training at the master’s and bachelor’s 
level. 
Having said this much by way of introduction, I would like to 

take up the various training problems individually for brief 
discussion. 

First, how are we going to attract the kind of men that we want? 
The most important thing here is simply to create an awareness 

that this is an important field in which there is a shortage of good 
men. The country is now well on the way toward such an awareness, 
for this year oceanography has had more good publicity than ever 
before. I believe it is no coincidence that this year for the first time 
my laboratory had more good applicants for graduate training than 
we had room for. 

In the second place, although oceanographic training is mainly 
done at the graduate level, it would be desirable for more colleges and 
universities to have at least one good undergraduate course in the 
subject. This would broaden the students’ background and would 
help young men to decide whether an oceanographic career seems ap- 
pealing. Equally important, they would be able to get advice about 
the undergraduate courses that are needed in preparation for the 
profession. One might go a step further and say that some oceanog 
raphic teaching should trickle down to the public school level. 

Ifa man wants to take a master’s or doctor’s degree in oceanography, 
he is generally advised to do most of his undergraduate work in the 
basic disciplines—physics, biology, and so forth—majoring in one of 
his choice and taking as many other science courses as his schedule 
permits. Most of his oceanographic training is reserved for graduate 
schoo]. Even in the latter there is likely to be fairly intensive study 
of basic disciplines. Some universities have departments of oceanog- 
raphy and grant degrees in the subject. Others give a degree in a 
basic science and simply add a few courses and thesis supervision in 
oceanography. It is an arguable point as to which kind of training is 
better. The fact is that both kinds are useful in an oceanographic 
laboratory, and each complements the other. 

There are several reasons why the support of graduate students in 
oceanography is more difficult than in the basic disciplines. 
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First, the necessity of competence in both basic science and ocea- 
nography tends to make it a long course, and in most cases students 
need to be supported longer than if they were getting a simpler sort 
of degree. Secondly, they are in many instances cut off from common 
means of support that are available in other branches of learning. | 

For example, the commonest support of graduate students in basic 
disciplines is teaching assistantships, in which they help professors 
teach the undergraduates in the department. But in an oceanography 
department with no undergraduate body, this means of support 1s 
denied them. There remain fellowships and part-time research as- 
sistantships as the main sources of support. But the latter further 
lengthen the already long career of the student. Nor are they of any 
use to a man who wants to do thesis research in a remote place, away 
from the job opportunities of the campus. These are the reasons 
why our committee felt that fellowship support should be granted to 
a higher percentage of oceanography students than is the common 
practice in basic disciplines. We feel that this must be done in order 
to compete for good students. 
A second type of support that is needed is for expansion of teaching 

staffs. This is required both for distributing the increasing teaching 
load and for creating a better balance in teaching staffs. Many of the 
small university laboratories consist almost entirely of biological 
oceanographers. Addition of physical oceanographers to their staffs 
is particularly important, because the most severe manpower shortage 
exists in this branch of the field. We do not feel it is necessary to 
create many new institutions, if any, but existing ones should be 
strengthened where additional strength is needed, and it should be 
made possible for nonteaching institutions to work in cooperation 
with universities in developing teaching functions. 

Finally, additional staff and students will put an impossible burden 
upon already crowded laboratories. We did not specifically recom- 
mend expenditure for teaching facilities as distinct from research, but 
additional laboratory space that we have requested is expected to fulfill 
both functions. 

Senator Lauscur. How long have you been associated with Yale 
University ? 

Mr. Riney. Except for a short period during the war when I was 
away, I have been there since 1988. 

Senator Lauscun. Have you been connected with that division 
which deals with oceanography during the entire period? 

Mr. Rirey. Yes. Jam primarily a biological oceanographer work- 
ing in problems of productivity of the sea. 

Senator Lauscue. How many students do you have on this subject 
in your department now ? 

Mr. Rirvey. We have a total of eight graduate students at the 
moment. They are not all working in the same field. There are 
various aspects of biological oceanography. 
os Lavuscue. You have eight of them that are in the graduate 

school 4 
Mr. Rizey. Yes, sir. We turn out on the average between one and 

two oceanographers a year. 
Senator Lauscus. In your statement you declared that because of 

the favorable publicity that has been given to the subject, your student 
body has increased in number. 
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Will you explain that in a little greater detail? 
Mr. Rinny. Each year we get applications from students. who want 

to enter graduate school. We, of course, choose the best ones. We 
choose as many as we have facilities to handle. That is, space in our 
laboratory and teaching facilities. It takes quite a lot of time to 
supervise the thesis research of graduate students, and each institu- 
tion can handle only a limited number at a time. 

Senator Lauscuez. In talking with students whom you believe are 
likely prospects, what answers do you get describing why they hesi- 
tate entering the field ? 

Mr. Rinny. There are two main problems in the student’s mind 
when he enters the field. 

First, “Is it a field I will be really interested in ?” 
Second, “What will be the job opportunities when I get out ?” 
So far we have been able to tell him that there is a shortage in the 

field. I hope there will be enough new staff positions created so we 
will continue to have a moderate shortage for some time. 

Senator Lauscun. Then their thinking would be divided into two 
classes—one that may be basically interested in the intellectual devel- 
opment of himself and, secondly, the one who is thinking about the 
practical use that he will be able to make of his learning as a means 
of income and in the commercial world. 

Mr. Riney. I think practically all of them have both of these 
thoughts in mind. They are interested in the field intellectually and 
they want to have an opportunity to find out whether that is what 
they want to make marine sciences their lifework. 

Senator Lauscur. What is the field of opportunity into which they 
can go specifically? Where are jobs available? I am not thinking 
of their knowledge of biology and chemistry and physics, but this 
particular subject. Where can they go to find a position ? 

Mr. Rinry. We have placed most of our students in other oceanog- 
raphic laboratories who were hiring new staff members. 

Senator Lauscue. Is Government employment one of their main 
avenues ? 

Mr. Rirny. No, sir; I am sorry to say it is not. This is a common 
attitude among many of the graduate students, that they feel that the 
opportunities for research are better in the private institutions than 
they are in the Government. I think this is an attitude that we can 
change. 

Senator Lauscun. Yesterday a Dr. Schaefer testified. I think he 
was mainly interested in the marine life, wasn’t he ? 

Mr. Rinzy. Yes. 
Senator Lauscun. You state it requires extensive knowledge in 

sciences and, therefore, protracted courses, and that is a deterrent in 
getting students ? 

Mr. Rizey. No, I believe it is not a deterrent provided we can give 
them proper financial help. Most of these graduate students have 
to earn their way. 

Senator Lauscur. What is the means presently of providing finan- 
cial help for them as an inducement to continue their studies? Will 
you catalog them if you will, please? 

Mr. Riwey. Well, primarily in oceanographic laboratories it is re- 
search assistantships. These are generally simply assisting the per- 
manent staff members on research on Government contracts. 
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Senator Lauscux. That is, they are hired then and in that way aided 
to continue their studies ? 

Mr. Rirey. By doing part-time work they earn their way. 
Senator Lavscue. What other source of financial help is available? 
Mr. Riney. Fellowships either from Federal sources or from the 

university. 
Senator Lauscne. Is there any other source? 
Mr. Rivey. In universities which grant a degree in a basic discipline 

with some oceanography attached, they would ‘be able to take teaching 
assistantships in this department, whatever it may be; biology or 
physics. 

Sahator Lauscue. It is your opinion, however, that the sources of 
help are not adequate to properly stimulate pr ospective students ? 

Mr. Ritny. Economically speaking, our students are second-class 
citizens. They don’t earn very much. Usually these stipends are of 
the order of $1,500 to $3,000 and there are not enough sources of such 
help available. 

Senator Lauscun. What do you specifically have in mind from the 
standpoint of the Federal Government that might be done to help 
solve this complication ? 

Mr. Ritey. We would like to create fellowships, more fellowships 
than are available now and perhaps have a certain freedom in choice 
as to whom they should go. 

As things stand now, you see only about the upper 10 or 15 per- 
cent of our students are likely to obtain Federal, or university fellow- 
ships. 

It seems to me it would be very desirable to be able to grant them to 
other people who are perhaps not so outstanding but at least average 
graduate students who desperately need this kind of help. 

We have problem cases of students who have families to support and 
that sort of thing. Weshould be able to give more help to these cases. 

Senator Lauscue. What will make it possible for you to use the 
moneys you get out of Federal research assignments to hire these 
assistant teaachers and otherwise? Is it stipulated i in the contract ? 
Do you have an understanding with them or how do you proceed ? 

Mr. Rizny. Yes. When we write a proposal for a research grant 
ordinarily we put im a certain amount of money for an assistant and 
we are then free to take on anybody who is qualified for this work. 

Senator Lauscur. Do I understand you correctly then to say that 
the amount allocated for taking on assistants isn’t adequate? 

Mr. Rinny. Generally speaking this kind of support probably is 
adequate. The only difficulty is that the amount of time spent on 
assistance work seriously cuts into their own student efforts. 

Senator Lauscun. What specifically then do you recommend by way 
of support? 

Mr. Rizey. I think the best means is certainly fellowships which 
require no work. It is simply money that the student can live on 
while he is spending full time as a student. 

Senator Lauscue. Is there anything further you desire to offer, 
Doctor ? 

Mr. Ritey. No, I believe not, sir. 
Senator Lauscur. Thank you very much. 
Dr. Allyn Vine. 
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(A biographical sketch of Dr. Vine follows :) 

ALLYN VINE 

Chairman of Panel on Engineering Needs for Ocean Exploration; physical 
oceanographer, Woods Hole Oceanographic Institution. 

Date and place of birth: June 1, 1914, Garrettsville, Ohio. 
Education: A.B. Hiram College in 1936; M.S. in physics, Lehigh University 

19388. 
Physical oceanographer at Woods Hole during and since the war working on 

thermal structure, current measurements, undersea warfare, underwater sound, 
instrumentation. 

Trustee, Ocean Resources Institute 1952-; American Physical Society, Amer- 
ican Geophysical Union, Acoustical Society. 

STATEMENT OF ALLYN VINE, WOODS HOLE OCEANOGRAPHIC 

INSTITUTION 

Mr. Vinr. My name is Allyn Vine and I am a physical ocean- 
ographer at the Woods Hole Oceanographic Institution. 

It is a great honor to be here today to discuss the problems and ob- 
jectives of oceanography, particularly “New devices and engineering 
aids for oceanography” which is chapter 7 of the report. As such 
it is my pleasure to discuss how advanced design vehicles and instru- 
ments can speed up oceanographic research and open up new con- 
cepts of doing research and engineering at sea. 
However, before going into details I have three justifications for 

oceanography that may be of interest to you. 
As a typical worker in oceanography I find it a stimulating and 

interesting branch of science. 
Present day engineering applications require a better knowledge 

of applied oceanography if the United States is to intelligently plan, 
and to economically carry out many aspects of undersea warfare, 
weather prediction, fisheries, and nuclear engineering. I firmly be- 
heve oceanographic research is an excellent financial investment. 

In considering the future, the 2 billion people now on earth and the 
billions more that will be born here will mostly live and die on our 
planet Earth. Their future and our country’s future will depend 
on how successfully we adapt to each other and to the resources of the 
Earth. The ultimate importance of the ocean is uncertain but it must 
be enormous and I am impressed by the fact that even a hundred years 
after Columbus discovered America most Europeans felt that North 
America was pretty useless. It would seem that the marine sciences 
would be a good place for the United States to have national compe- 
tence in the decades to come. 

The detailed recommendations for new vehicles, devices, and instru- 
ments to aid the marine scientist in his research are described in chap- 
ter VII entitled “Engineering Aids for Ocean Exploration.” In the 
limited time available, I shall briefly summarize that chapter and ex- 
plain the reasoning behind those recommendations. Please feel free 
to ask any questions. 
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TECHNOLOGY AND CHANGING VIEWPOINT 

Senator Magnuson commented earlier on the fact that the ocean 
is usually regarded in a negative sense. Throughout history seagoing 
has been regarded as uncertain, difficult, and dangerous. Romantic 
novelists since Homer, traders since the Phoenicians, and more re- 
cently poorly equipped marine scientists have tended to emphasize 
negative aspects of the ocean such as: distance, storms, and waves. 
In recent years many oceanographers have come to believe that this 
negative attitude about the ocean is not justified and with improved 
technology—such as buoys, submersibles, instruments, and more ships 
working at sea can be vastly improved; in fact, many things can be 
done better at sea than on land. 

For example: Maneuverability over the water in a reasonable ship is 
much easier than traveling through swamps, jungles, or mountains. 

Lowering instruments 3 miles down from a ship on a wire is funda- 
mentally much easier than raising instruments 8 miles above the 
surface of the earth. A normal size submarine can carry enormous 
payloads compared to our largest satellite or airplane. 

TEMPERATURE VARIATIONS 

The great temperature extremes found in outer space are not pres- 
ent in the depths of the sea where temperatures are uniform to within 
a few degrees or even a few hundredths of a degree. 
Background noise is so much less at sea than on land that the 

French oceanographer Costeau titled his book “The Silent World.” 
There is also reason to believe that a seismograph station on the bottom 
of the ocean can be made much more sensitive than one on land. 

POLITICAL AND GEOGRAPHIC FREEDOM 

We can wander over and explore the high seas without a treaty, a 
passport, or a trade agreement. 

In past years the great size and depth of the ocean have proven 
to be formidable obstacles to the limited vehicles, instruments, and 
techniques which have been available to oceanographers. 
By developing new techniques and by making wider use of the best 

existing techniques there is every reason to believe that within the next 
decade the ocean can be “brought down to a manageable size” and sea- 
going scientists and engineers can approach their problems with tech- 
niques and background data more comparable to those of present day 
scientists on land. 
Modern techniques will help the marine scientist in two ways. They 

will, through such devices as the bathyscaph, return him closer to the 
use of his basic senses and methods in new regions of exploration. 
The biologist can use a modified butterfly net again, and the geologist 
a modified prospecting pick. 

Senator Lauscue. Illustrate that in thought. I just can’t follow it. 
Mr. Vine. With a newly designed vehicle that can cruise along the 

bottom equipped with a manipulating arm the scientist sees a rock or 
a marine creature that he wants to pick up, can take a sample and 
bring it back. 
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Senator Lauscure. With the maneuverable arm ? 
Mr. Vine. With the maneuverable craft and with the maneuverable 

arm. | 
In other words, with modern technology we can do much more pur- 

poseful experiments than we could on the end of a wire 3 miles long. 
Tn addition, other new devices will extend his. senses in speed and 

ability. For example, drifting and anchored buoys can extend 
simultaneous geographic coverage greatly, and make possible long- 
time series of continuous data. : 

At the present time we don’t have any longtime series measure- 
ments in the open ocean. Better winches and electric cable techniques, 
as well as cableless telemetering devices will enable the oceanographer 
to make more sophisticated chemical and physical measurements in 
situ. Data recording, analyzing, and storage devices will reduce much 
of the tedious portion of measuring programs. 

MANNED SUBMERSIBLES 

One of the most important and exciting of the new techniques is the 
manned deep submersible. 

The work by the Swiss, French, and the recent record dive of the 
Trieste have laid the groundwork for serious scientific studies and the 
design of deep submersibles that can carry a bigger scientific payload 
and have much more mobility. The concept of having a mobile un- 
derwater laboratory in which one can conduct purposeful experiments 
is of tremendous potential. With remote handling arms the geologist 
can select the rock he wants, scoop up the sediments of interest, photo- 
graph the unusual, and follow and map the geological outcrops. The 
biologist can observe deep sea life as it exists, and observe the bottom 
conditions that foster marine life. He can move up and down with 
the scattering layer and observe with his eyes as well as his instru- 
ments how complex life is in the oceans’ principal pasture. 

The engineer can observe how deep sea instruments work, he can 
drive surveyors’ stakes and sight along them, he can maneuver huge 
grab buckets from surface ships to pick up rocks or equipment from 
the bottom of the ocean. In only a few years we may develop the 
capability to find, inspect, and retrieve aircraft that have been lost 
at sea. 

The geophysicist and acoustician can place and adjust complicated 
selsmographs, tidemeters, and current meters on the bottom of the 
ocean. 
Naval scientists can become experienced with the advantages of 

being “down under” with the reverberation behind them just like 
World War I aviators liked to be “on top” with the sun behind them. 
The whole technology of building for high pressures will be given 
impetus. Manned submersible programs need emphasis and con- 
tinuity. 

OCEAN RESEARCH STATION 

In the past our ships have been built to go from one shallow 
harbor to another shallow harbor and the handling equipment was 
designed for use at a dock. A midocean laboratory and observatory 
where observations can be made for long periods of time or where 
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researchers can try out new equipment seems essential. We have 
seismological observatories, high altitude observatories; a leading 
maritime power should have a true midocean observatory. 

UNMANNED BUOYS 

Probably the only way we can ever obtain continuous measure- 
ments at sea from many places is to install a network of anchored 
buoys which record or telemeter meteorological and underwater 
weather. Such a data collecting system will be needed to furnish 
the desired data of the future. Five hundred such high seas buoys 
would be needed even if each buoy monitored an area as large as 
Texas. 
From the standpoint of air safety, it might be wise to have a line 

of moored buoys with short range navigational aids and recording 
check points along every major over-ocean airline route. 

SPECIALIZED SURVEY AND RESEARCH INSTRUMENTATION 

The development of rapid, foolproof instruments for survey and 
research is essential to use ships efficiently. For example, a better 
winch might speed survey work as much as doubling the size of the 
ship’s main propulsion plant. Reliable instruments may permit 
three ships to do what otherwise would require four ships. Center 
wells on ships will encourage new kinds of instruments and instru- 
ment handling. 

These ships need the best available instruments. For example, 
oftentimes research ships are some of the last ships to get new 
equipment. 

There is the problem of the new research instruments. Those 
which are developed by individual scientists without the aid or the 
need of any master plan such as ours. Here it is important that 
those individuals be financed through the existing working level por- 
tions of the Government who have proven so capable here. 

In summary, it is essential that an instrument and special vehicle 
program be pushed vigorously, that industry become more heavily 
involved in instrumentation. The budget for new devices is about 
15 percent of the total or about $10 million a year. 

Of course, the vast bulk of the new devices which are associated 
with applied engineering problems would be paid for as priority 
engineering items by the user. 

The items that we have been talking about here are those experi- 
mental devices used for oceanography, to serve as a basis for improv- 
ing the technology of working at sea so that when the Navy or the 
fisheries, or AEC has big problems at sea they will have the tech- 
nology to draw on. 

Senator Lauscur. The Woods Hole Oceanographic Institution; 
would you identify it, please ? 

Is it privately endowed? What are its functions and so forth? 
Mr. Vine. It was set up as a private organization with Rockefeller 

funds in 1929. In fact, it was set up as the result of recommendations 
by the first Academy Committee on Oceanography. 

At the same time the Scripps Institution of Oceanography was en- 
larged at the University of California. 
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Senator Lauscur. Where is it located ? 
Mr. Vinr. Woods Hole Oceanographic is located at Woods Hole, 

Mass., on Cape Cod. 
Senator Lauscuz. How many people does it have in its work? 
Mr. Vine. We have about 350 people including the crews of the 

ships and we have about 100 scientists that are carrying out individual 
research work. 

Senator Lauscuz. And it is completely endowed by private grants 
and otherwise ? 

Mr. Vine. I think that its own income from the original grant is 
now about 10 percent of the total budget. Most of the research funds 
are supplied by contract from the Navy, the National Science Founda- 
tion, and the Atomic Energy Commission. 

Senator Lauscur. Do you do any contract work for private indus- 
try ? 

Mr. Vine. There has been a little bit over the years. 
Senator Lauscur. What has been the nature of that work? 
Mr. Vine. A typical example was a model study of the flushing 

of Barataria Bay on the gulf coast. There was a question of whether 
the oil was seeping into Barataria Bay and interfering with the bio- 
logy of the area. 

Senator Lauscur. Have you done any research work for the extrac- 
tion of metals out of the ocean waters? 

Mr. Vine. There has been no direct work as far as engineering 
application is concerned. There have been several of the people at 
Woods Hole who have been interested in the formation of manganese 
nodules and things of that caliber. 

Senator LauscHr. What do you specifically have in mind about 
what the Federal Government could and ought to do to help in the 
development of this important work ? 

Mr. Vine. Perhaps the most important thing is to recognize the 
fact that marine technology is a broad field. It is much more than 
just a navy field. In the past there has been a great tendency to 
think that the Navy is the only part of the Federal Government that 
should be interested in the ocean. 

In this connection the Navy needs—there needs to be more support 
than the Navy gives. There needs to be a wider diversity of interest. 

menator Lavuscue. Now, what other departments have an interest 
lu it! 

Mr. Vinz. The Atomic Energy Commission, for example. They 
have problems of disposal. The problems involved in experimental 
work on harbors, things of that nature all need oceanographic back- 
ground information to know whether a project is wise or how we 
should go about it. 
Senator Lauscur. You have the Navy and the Atomic Energy Com- 

mission. What isthe other department ? 
Mr. Vine. The Bureau of Commercial Fisheries has the whole big 

problem ahead of it of farming the sea, for example. These problems 
go far and beyond the questions of conservation. How does one look 
at the ocean in the sense that the agriculturalists look at the land ? 

Senator Lauscur. What about the Commerce Department? Since 
that bill is with us, with the Commerce Committee, I presume it does 
have a relation to it. 
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Mr. Vine. In the question of surveying the oceans, in the past we 
have not done large-scale surveying of the ocean and we have tended 
to use the techniques which exist. Any organization which looks 
forward to many years of intensive survey wants to be sure that they 
are developing the equipment and the instruments both for making 
those measurements and for analyzing those measurements. 

Senator Lauscur. Are you able to say what amount of money the 
Federal Government through the Department of the Navy and what- 
ever other departments are participating, is spending in this general 
subject ? 

Can anyone on our staff answer that ? 
Mr. Vine. In the field of new devices, I would estimate that perhaps 

5 percent of the total. 
Senator Lauscur. And what isthe total? Five percent of the total 

appropriation to the Navy ? 
Mr. Vine. No; only 5 percent of that which goes to oceanography. 
Senator Lauscur. Where does the other 95 percent come from ? 
Mr. Vine. Five percent of the money which goes into oceanography 

goes into new devices. This might be a million dollars a year. 
Senator Lauscuer. That comes from the Federal Government ? 
Mr. Vine. Most of that comes from the Federal Government. 
Senator Lauscur. May [ask the staff, is there anything in the record 

about how much is being spent and what is being recommended ? 
Mr. Marxer. We have that. I can bring it over. I don’t have it 

right here. 
Senator Lauscue. Is it in the record ? 
Mr. Marken. No, sir. 
Senator Lauscusr. May it be put in the record ? 
Mr. Marxet. It will be put in the record. 
Senator Lauscun. You are unable to give specific help on this 

subject ? 
Mr. Marxex. No, I would say not. 
Senator Lauscue. Thank you very much, Dr. Vine. 
(The information requested by Senator Lausche follows. Table 

I is a breakdown of current and prospective expenditures on marine 
science by agency as reported by the Subcommittee on Oceanography 
of the Federal Council for Science and Technology. Table II is the 
breakdown of expenditures by the Navy Department on oceano- 
graphic research during the current fiscal year.) 
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TABLE I.—Oceanography program by agency 

[Thousands of dollars] 

Navy: 
Researchiss..2 84 tt atest lib tele a Be a Saee ee TY 
Ship construction “= =~ 22-92) ss ee 
OCEAN SULVEYSs o-oo sane cece cease eae eee ee 
Facilities 
Data processing. 22-4 2s Se a ee ee 

Commerce (U.S. Coast and Geodetic Survey and Weather 
Bureau): 

Rescarchivec! s.s08 aie oe ee eS. eee seen 
Ship construction 
Océasurveyso esse. ese oe sot ee ee ee eee tt 
Facilities 
Datavpnrocessimows. 02 uke 12s ae eee eee eae oa 

Interior (Bureau of Commercial Fisheries, U.S. Geological 
Survey, Bureau of Mines): 

Researchiy 2 foots Ch Ase OS Ay fee aes See BEES 
Ship jconstructionss- 62 ee eee 
Facilities 
Dataiprocessingaw.+ 3 feb Ae ne 

National Science Foundation: 
Research 
Shiprconstructi on sss 2 a2 soa nia. es wees eee eae 
Facilities 
Data processing___------------------- benocsocsscoseoncssse 

Atomic Energy Commission: 
Research 
Data processing 2... -=.2Lecst se 

Health, Education, and Welfare (Public Health Service): 
Research 
Facilities 

Grand itotaless iti chose eek eee let. pee. 2 

Fiscal year Fiscal year Fiscal year 
1959 program | 1960 program 1961 plan 

$5, 646 $11, 230 $17, 724 
13,800 5, 200 4, 900 

0 0 0 
0 0 0 

295 295 295 

9, 741 16, 725 22, 919 

1€2 413 
2, 033 6, 900 
3, 478 5, 670 

0 250 
0 0 

5, 673 13, 233 

5, 500 | | 6, 050 5, 213 
0 100 2, 055 
0 220 180 
0 0 0 

5, 500 6, 370 7, 448 

2, 476 3, 300 4, 350 
0 3, 000 4, 250 
0 500 600 
0 0 80 

2, 476 6, 800 9, 280 

1, 575 1, 820 2, 200 
10 

1, 575 1, 820 2, 210 

BS SAE RE Sel ee 3 340 664 
0 0 0 

a Bet exe 340 664 

pees See en eee ee 37, 728 55, 754 

1 Cost of converting 3 oceanographic research ships from R. & J). funds. 
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TABLE II.—Navy oceanographic research, development, test, and evaluation 

Institution Fiscal year 
1960 

Thousands 
Woods ~Hole Oceanographic $2, 923 

Institution. 

Scripps Institution of Ocea- 2, 250 
nography. 

Lamont Geological Obser- 947 
vatory. 

Naval Electronics Labora- 868 
tory. 

University of Washington__-_- 400 

Chesapeake Bay Institute____ 167 

Texas Agricultural & Me- 367 
chanical College. 

New York University__------ 55 

Narragansett Marine Lab- 41 
oratory. 

Marine Laboratory, Univer- 367 
sity of Miami. 

Oregon State College__--_-__- 320 

National Academy of Sciences- 28 

program 

Type of research 
Research ships 

Name | Tons 

Oceanic circulation; marine geol- | Aflantis__--_------ 300 
ogy and geophysics; oceanog- | Bear__--.--------- 200 
raphie instrumentation; waves; | Crawford___------- 288 
tides; underwater acoustics; | Chain__.-----_---- 2, 100 
physical, chemical, and biological | Aries____-_----_-_- 100 
oceanography; marine meteor- 
ology. 

Similar in scope to W HOI research | Baird____..--__-__- 505 
listed above but more emphasis | Horizon______--___ 505 
in marine geophysics and geo- | Stranger___-_--_-_- 300 
chemistry. Acoustic work is | Paolina T______--- 111 
more directed toward theory | Orca____-_---___-- 200 
and instrumentation than at | Snatch___----_-__- 2, 100 
WHOI. Eb Oat sot eis eh, 70 

Marine geophysics including seis- | Vema_______-____- 533 
mic, magnetic, gravimetric, and | Goldherger________- 73 
geothermal measurements; ge0- 
chemistry; oceanic circulation; 
biological oceanography and 
oceanographic instrumentation. 

Scientific program of the bathy- | U.S.S. Hpce_______ 857 
scaphe Trieste, arctic oceanog- | U.S.S. Baya (sub- 
raphy; wave and thermocline marine). 
studies; and sea floor studies. 

Physical, chemical, and biological | Brown Bear__-__--- r §=—s- 300 
oceanography; model studies; 
and oceanographic instrumenta- 
tion. 

Estuarine studies including dy- | Maury__---------- 34 
namies, chemical, light extine- | Joan Bar II____-_-_- 60 
tion, and flushing of estuarine 
waters; oceanographic instru- 
mentation; and gravity wave 
studies in inshore waters. 

General understanding of the | Hidalgo_____-___-- 240 
oceanographic characteristics of 
Gulf of Mexico; energy exchange 
through ocean-atmosphere 
boundary; thermal structure 
and internal waves. 

Air-sea boundary energy ex- | Action_____------_- 28 
changes; wave and circulation 
studies. 

Biologically produced underwater | Queen of France__- 15 
sounds; the use of plankton to 
determine circulation and other 
oceanographic factors. 

Tropical oceanography emphasiz- | Gerda___-_---_--_- 115 
ing studies of Florida Current, 
its fluctuations and associated 
phenomena; radio chemical 
studies; biological oceanography; 
and ambient noise in the sea. 

Investigations of estuarine and off- 
shore waters including tempera- 
tures, pollution, light scattering 
and flushing of estuaries. 

Support for NAS-NRC Com- 
mittee on Oceanography which 
acts as adviser, consultant, and 
planning group for oceanogra- 
phic problems. 

New 80-ton re- 
search vessel 
now under 
construction. 
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TABLE II.—Navy oceanographic research, development, test, and evaluation 
program—Continued 

Research ships 
Institution Fiscal year Type of research 

1960 
Name Tons 

Thousands 
Hudson Laboratories_-------- $2,650 | Environmental effects on sound | Gibbs ____________- 2, 800 

transmission in the oceans; am- 
bient and man sounds in the 
sea; nonacoustic methods of 
submarine detection; signal proc- 
essing; communication systems; 
and instrumentation develop- 
ment. 

Military Sea Transportation 1,400 | Operational cost of Chain for 4 |_______-____________]______ 
Service. months of 1960 and operational 

cost of Gibbs for all of 1960. 

Convair Division of General 130 | Instrumentation for recording, |___-____...__________|_____- 
Dynamics. transmitting and stowing ocean- 

ographic data. Investigations 
into general high speed data 
handling. 

Other universities, contrac- 973 | Investigations carried out in the |____________________]______ 
tors, and Polaris. field of basic oceanographic re- 

search at a variety of organiza- 
tions both as a part of the con- 
tinuing overall Navy program 
and long term research for 
special weapons systems. 

Total, fiscal year 1960__ ISU B8G) |sestpeta ds. bo iaee Gee 1 eee = 2 os eth ea ae a i | 
Planned total, fiscal 

year LOGI 22222 eas W762 flee ee econ Wea 02 to UE | 

Senator Lauscur. Dr. Koczy ? 
(The biographical sketch of Dr. Koezy follows :) 

FRIEDRICH FRANS Koczy 

Address: Marine Laboratory, University of Miami, 1 Rickenbacker Causeway, 
Virginia Key, Miami, Fla. 

Major field of interest : Oceanography. 
Born: Vienna, Austria, June 16, 1914. 
Degrees: Ph. D., physics, University of Vienna. 
Professional career: Assistant in physics, Oceanographic Institute of Gote- 

borg, 1939 to 1943; assistant professor of physics, Oceanographic Institute of 
Goteborg, 1943 to 1947; oceanographer, Swedish deep sea expedition, 1947 to 
1948; assistant professor oceanography, Board of Swedish Fisheries, 1948 to 
1955; associate professor oceanography, Oceanographic Institute of Goteberg, 
1955 to 1956; associate professor oceanography, Board of Swedish Fisheries, 
1956 ; associate professor oceanography, marine laboratory, University of Miami, 
1957 to 1958 ; professor, marine sciences, marine laboratory, University of Miami, 
1959 to present. 

_ Member: American Geophysical Union, Geochemical Society, American So- 
ciety of Limnology and Oceanography, National Academy of Sciences’ Commit- 
tee on Oceanography. 
} Scientific contributions in: Chemical oceanography, eddy diffusion, geochem- 
istry, oceanic circulation, geochronology. 

STATEMENT OF FRIEDRICH FRANS KOCZY, MARINE LABORATORY, 
UNIVERSITY OF MIAMI 

_ Mr. Koczy. My name is Fritz Koczy, the marine laboratory of the 
University of Miami. I am a former member of the Oceanographic 
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Institute of Goteborg, Sweden, trained physicist, now working mainly 
in geochemistry and the application to oceanographic problems. 
The rapid development of oceanographic institutions during the 

last 20 years seems to be only the beginning of an inevitable and nec- 
essary scientific evolution. This growth has been accelerated by the 
increasing demands of the Navy, the Atomic Energy Commission, 
Bureau of Commercial Fisheries, and other agencies concerned with 
problems of the sea. Oceanographic research is rather expensive 
mostly because of the high construction, maintenance, and operational 
costs of research vessels, with the additional, relatively moderate, cost 
of the scientific crew necessary to evaluate the collected data. Uni- 
versities were not able to absorb the high costs in their budgets 
and therefore contributions for the support had to be given by the 
above agencies. The stabilization of this support, the construction 
of an appropriate fleet of research vessels with supporting shore fa- 
cilities, is a necessity which the United States cannot neglect if it 
hopes to— 

1. permit the education of needed manpower ; 
2. achieve the level of knowledge required by the interested 

agencies ; 
3. maintain its leading position in scientific research of the 

seven seas. 
Oceanography is a science which describes and attempts to under- 

stand the processes in the ocean. The descriptive phase is still in 
progress. Very large areas of the oceans are known only fragmen- 
tarily. In order to demonstrate the present state of affairs, let us 
take a chart of one of the better known ocean areas in the northeast 
Pacific Ocean and plot all expedition routes in this area. When we 
then take a chart of the United States and cover it by the same pattern 
of expedition routes, we can easily see that we would miss large geo- 
graphic features such as the Grand Canyon and the Ozarks. 

Another example will make it similarly clear how far behind our 
knowledge is, when we compare the density of all permanent weather 
stations in the United States which take observations four times daily 
with the network of only occasionally occupied stations in the north- 
east Pacific. 

Perhaps it may be pointed out that our dense traffic on land and in 
air requires an intense knowledge of this environment and for that 
reason we have better coverage than of the sea. But, on the other 
hand a glimpse at a standard chart of the stars visible to the naked 
eye will reveal that we have named and charted more of these features 
than of sea mounts in the ocean. Here, I think all will agree that for 
immediate practical purposes, it is more important to know the ocean 
than the distribution of stars. However, that should not detract from 
our interest in stars, I mention this point only as an example of our 
limited knowledge of the ocean. 

Moreover, the density of observations in our standard area is still 
smaller than the ship’s-track network covered by the expeditions: be- 
cause, these could only concentrate on one or a few scientific objectives 
within the time limits of an expedition. The specific reasons for this 
limitation are that the research vessels are generally too small in size 
or that the expedition was too short of available manpower. 

5540 1—60-—_6 
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Our knowledge is certainly fragmentary and we need badly to speed 
up a survey program in order to investigate the 72 percent of the 
earth’s surface covered by the oceans. Thorough knowledge always 
represents power and the more industrialized a country is, the easier 
and faster 1t can apply this knowledge toward increasing living stand- 
ards, giving security, and favorably enlarging the military and eco- 
nomic forces. 
A few examples of the practical applications which will be made 

possible by an oceanwide survey program can now be given. Weather 
forecasting 1s only partially satisfactory on a short-time basis and 
nearly impossible on a long-range basis. It has been shown that the 
ocean surface influences the weather over several months and perhaps 
over more than a year, nonetheless we are lacking the data necessary 
to establish this as a predictable fact, and to make use of it. The 
atmosphere together with the ocean forms a large heat engine which 
takes its fuel from the sun, but the exact mechanism is not yet under- 
stood. We know, only roughly, the current systems and we are not 
able to read the fine print in the oceans. If we understood the general 
circulation and the mechanism of the heat engine driving it, we would 
also be able to predict weather over a long range and we might obtain 
a method of controlling the climate. 

Another feature of the sea important to mankind is the distribution 
of nutrients along with plankton and fish, which together determine 
the productivity of the sea. Phytoplankton as the primary producer 
of organic matter in the ocean needs nutrients which are stored in 
the deep water masses. When this deep water is brought up to the 
sea surface and light, the phytoplankton can use it to start the food 
chain in the ocean. This chain follows through small animals and 
finally reaches the edible fish which store a part of the sun’s energy 
which we may later use as proteins. At present, we recover only a 
small part of proteins from the sea, but the increasing population 
pressure will force mankind to use this source to a higher extent. 
We need therefore to know more about the transport of the nutrients 

to the surface, about the distribution of plankton, about the produc- 
tivity at a given place and about the density of fish. When we under- 
stand where and why the nutrients are coming up, into the realm of 
light, we will be able to predict the amount of fish which may be 
caught at that place per year. Tuna, as an example, are known to 
be found near the tops of sea mounts. Sea mounts seem to influence 
the vertical transport of water masses; consequently, the study of the 
Botton) topography is important in order to facilitate the recovery 
of tuna. 

Bottom topography may, in addition, be important to know for 
future submarine ocean transports where escape from wave action 
and the severe weather conditions of the surface is possible. The 
navigation of submarines is more dependent on a knowledge of ocean 
depth than that of a surface vessel. Captains of these vessels would 
nega according to a depth chart and sound beacons may guide 
them. 

Geochemical processes accumulate manganese ores on the sea floor. 
We do not know why, how, and where they are found. Therefore 
a survey of the ocean floor has to be carried out to locate them. When 
we have better achieved an estimate of the total amount available, 
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we might seriously undertake the mining of manganese on the ocean 
floor. A feasibility study has already demonstrated the possibilities 
of mining this ore. 

In all the above-mentioned aspects of the oceanographic survey, 
the Navy has a particular interest. A future war very likely will be 
three-dimensional. It will involve a range from the stratosphere 
down to the ocean floor. It is necessary to know the medium as ac- 
curately as possible and for this we have to produce the manpower 
necessary to carry out the valuable collection and reduction of data. 

I have discussed mainly the application of this survey, but we 
should not forget that by achieving a better description of the ocean, 
we will learn more about the phenomena within it and we will detect 
new features which we have never imagined before. We will learn 
to understand the ocean and we will receive new impulses for further 
developments. 
Our techniques are already so advanced that an intense worldwide 

survey is possible and a rough one can start immediately. In order 
to avoid unnecessary duplications, a body or an agency should be 
established which can guide the survey, make the necessary prepara- 
tions, organize the reduction of data, improve the survey techniques in 
order to save manpower and ships time, and finally, publish the data 
as rapidly as possible. The agency carrying out the survey would be 
the Hydrographic Office, Coast and Geodetic Survey, Fish and Wild- 
hfe and related agencies. 

The research institution would participate mainly for quality con- 
trol, data analysis, and development of new techniques. The survey 
which must be carried out can be divided according to topics and the 
distribution of space and time. The topics have to cover the following 
investigations : 

(1) Bottom morphology and the sediment carpet. 
(2) Geophysics: geomagnetism, heat flow and gravity measure- 

ments. 
(3) Productivity, plankton and fish distribution, and fish 

migration. 
(4) Distribution of water properties such as temperature, salin- 

ity, density, and sound velocity. 
The time element dictates that the survey be made in a specific fashion 
in order to achieve the following results: 

(1) Synoptic data. 
(2) The average conditions. 
(3) Seasonal variations. 
(4) Secular variations. 

The main emphasis for the descriptive aspects should be given to the 
gathering of data. Research work should be carried out on the im- 
portant topics so that we may continue along the main objectives in an 
economical fashion. 

According to the conclusion arrived at by a panel on this survey, 
a total of 340 ship-years are needed to carry out an ocean survey. 
Tt is expected that all nations interested in the ocean should partici- 
pate and the panel found it appropriate that the United States con- 
tribute up to 30 percent of the total survey which would amount 
to about 100 ship-years. When we also count on the 11 survey 
vessels that will be available at the end of the 10-year period, it 
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was concluded that we can now start with about 4 vessels involved 
in this paramount survey work in the ocean. In the near future a 
wide grid of about 1° spacing could be laid over the ocean. Later, 
when sufficient ship time is available, this grid can be refined to a 
spacing of about 10 miles. 

Senator Lauscue. The Senator from California ? 
Senator Ener. No questions. 
Senator Lauscur. The Senator from Texas? 
Senator YarsoroucH. I have no questions. I would like to com- 

pliment you on this fine statement. 
Senator Lauscur. The Senator from Washington ? 
The Cuarmrman. I have no questions except this: What do you 

mean by a ship-year? Is that an operation 365 days, 24 hours a 
day ? 

Mr. Koczy. It would be about 250 days. There are times when the 
‘ships must be in the yard. 

The CHatrman. When you speak of a hundred ship-years, you 
say that is spaced over a 10-year period. That would be 10 ships. 

Mr. Koczy. Yes, we estimate that the U.S. share would be about 
10 ship-operation years. The total job, counting contributions by 
other countries, will involve about 34 ships for 10 years. 

The Cuairman. Operating? 
Mr. Koczy. Operating. 
The CHarrman. An overall total of 34 ships but 10 would be our 

contribution. 
Mr. Koczy. Yes, sir. 
The Cuatrman. Thank you. 
Senator Lauscue. I dont’ think I have any questions. 
Thank you very much for a very informative paper. 
Senator YarsBoroucH. You speak of this ship-year and the num- 

ber required to carry out the survey. That survey would require 
getting a quantity of information on all of the subjects mentioned 
on. page 3 of your report; is that right / 

Mr. Koczy. Yes. 
Senator YarsoroucH. It wouldn’t take anything like that to meas- 

ure the depths of the ocean, where the ranges are. 
Mr. Koczy. That is right. 
Senator YarsoroucH. Not scientific uses but certain defense uses. 
We would use electronic equipment for depth determination. 
Mr. Koczy. Yes. 
Senator Yarsoroven. You are speaking of a comprehensive scien- 

tific survey of the ocean floor, and determining what is in the five layers 
of water in between the surface and the bottom. 

Mr. Koczy. Yes, we would measure the properties of the ocean 
water masses, the bottom and other features. 
_Senator Yarsoroucn. And there would be surveys of these ques- 

tions raised in Dr. Ray’s statement this morning, about the movements 
of these masses in water and the different types of organisms. 

Mr. Koczy. Yes. 
Senator YarsoroucH. I haye no further questions. 
Senator Lauscnr. You are connected with the marine laboratory 

of the University of Miami; is that correct? 
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Mr. Koczy. Yes. 
Senator Lauscur. To what extent have they discovered areas of fish 

through the researches that have thus far been made and what are your 
expectations of the potentials in this field? 

Mr. Koczy. In order to discover fish ? 
Senator Lauscur. Yes. That is, the farming of fish and so on, 
Mr. Koczy. We at Miami have worked mainly on shrimp in the 

Tortuga area which covers certainly one of the most valuable fish 
in the States and we are studying billfish in the straits and in the 
Caribbean. But our range of investigatiton is very restricted because 
we have only a small, 76-foot vessel. 

Senator Lauscur. You stated in your paper that tuna are usually 
found at mount tops. 

Mr. Koczy. That is a result of the investigation made by the Tuna 
Commission, and Dr. Schaefer, specifically. 

Senator Lauscnr. What does that sort of portend? You say we 
should make studies 

Mr. Koczy. When we know more about where sea mounts are, fish- 
ermen can find more places where tuna is found and fishing for tuna 
becomes more economic. 

Senator Lauscur. And I suppose this general principle which you 
apply to tuna may become applicable to all other attributes of the 
ocean. 

Mr. Koczy. That is right. 
Senator Lauscue. That is all I have. 
Mr. Koczy. Thank you. 
Th Cuatrman. Dr. Brown? 

Dr. Brown is of the California Institute of Technology, the Division 
of Geological Sciences. 

Dr. Brown, you are also chairman of the Committee on Oceanog- 
raphy of the National Academy of Science? 

Mr. Brown. That is right. 
(The biographical sketch of Mr. Brown follows :) 

HARRISON Scorr Brown 

Address: Division of Geological Sciences, California Institute of Technology, 

Pasadena, Calif. 
Major field of interest : Geochemistry. 
Born: Sheridan, Wyo., September 26, 1917. 
Degrees: B.S., California, 1938, Ph. D. (chemistry), Johns Hopkins University, 

1941. 
Professional career : Instructor chemistry, Johns Hopkins University, 1941-42; 

research associate chemistry, University of Chicago, 1942-43; assistant director 
chemistry division, Clinton Labs., Oak Ridge, 1943-46; assistant professor, 
chemistry instructor. Nuclear studies, Chicago, 1946-48, associate professor 
1948-51; presently professor of geochemistry, California Institute of Technology, 
1951. Also civilian with Office of Science Research and Development, 1944. 

Awards: Lasker Foundation award, 1958; A.A. (prize, 1947) ; National Acad- 
emy ; Chemical Society (award, 1952). 
Member : Geological Society, Physical Society, National Academy of Sciences. 
Scientific contributions in mass spectroscopy; thermal diffusion, fluorine and 

plutonium chemistry: meteoritics: geochemistry; planet structure; and 
geochronology. 
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STATEMENT OF HARRISON SCOTT BROWN, DIVISION OF GEOLOGI- 

CAL SCIENCES, CALIFORNIA INSTITUTE OF TECHNOLOGY 

Dr. Brown. As you have mentioned, my name is Harrison Brown 
and I am professor of geochemistry at the California Institute of 
Technology and Chairman of the Committee on Oceanography of the 
National Academy of Sciences. 

I am very grateful to the Interstate and Foreign Commerce Com- 
mittee for the opportunity of appearing before it for the purpose of 
commenting on bill S. 2692. 

T should like to stress at the outset that the Committee on Oceanog- 
raphy has worked very hard since 1957 in an attempt first to attain a 
realistic picture of the status of oceanography in the United States 
and to prepare recommendations for remedial action. I am not my- 
self an oceanographer by profession, although my own work has 
bearing upon it. 

As a result, I believe that in helping to guide the committee’s activ- 
ities I have been able to make reasonably impartial and objective 
judgments, . 
We found first of all that the situation with respect to oceanog- 

raphy: 
The Cuarrman. For the record, the committee now has studied— 

the panels within your group have studied different phases of this 
problem. . 

Mr. Brown. That is correct. 
The Cuarrman. And you have released nine publications? There 

are two or three in process, as I understand. 
Mr. Brown. Yes. 
The CHatrman. Which will be released in the very near future. 
Mr. Brown. Yes. There will be 12 all together. 
The Cuatrman. They constitute the nature of what I have in my 

hand here? 
Mr. Brown. Yes. 
The Cuairman. In your report of the Committee on Oceanography 

you have made a summary of recommendations. 
Mr. Brown. The first chapter consists of a general summary of all 

the recommendations which we have made, yes. 
The Cuatrman. Which, of course, bears directly upon the legisla- 

tion before us. 
Mr. Brown. That is correct. 
First, concerning the situation which we found, we found it to be 

very critical indeed and in our opinion urgent. 
Let me give one concrete example: We are all very proud of the 

achievements of the three young men who were here yesterday who 
went down in the bathyscaph to the very bottom of the ocean. I 
believe our self-praise, certainly our national praise should be tem- 
pered, however, by the realization that the bathyscaph was not con- 
ceived in the United States, it was conceived in Europe; it was not 
built in the United States, it was built in Europe, it was not piloted 
by an American but by a Swiss national. This does not detract from 
the wonderful scientific achievements nor does it detract from the bold- 
ness of the operation, nor from the imagination of the Navy in car- 
rying out the negotiations. 
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I would just like to stress that had we been paying enough atten- 
tion to oceanography in the past, the bathyscaph could well have been 
something of greater national pride than it is today. 

You have already heard details concerning the urgent situation and 
indeed the critical situation that exists and I would now like to 
spend just a few moments discussing recommendations. 

I would like to stress that the report of our Committee should be 
looked upon as a first approximation. There are probably many rec- 
ommendations that we have made which should be modified. 

The Cuatrman. And also, Dr. Brown, as I suggested in the begin- 
ning, the legislation is only here for suggestion or modification and 
changes. It is something to start with, and chew on, as it were, 
sort of following in the pattern of the recommendations. 

Mr. Brown. Yes. 
When I read the proposed legislation, however, I was pleased in- 

deed that the group of persons sponsoring the bill apparently fol- 
lowed a great many of our recommendations, or at least our recom- 
mendations and yours coincide. 

In going through the proposed legislation rather carefully, however, 
there are a few modest recommendations which I would like to bring 
up and if I may take just a few moments I would like to comment no 
certain individual sections. 

Before doing this I would like to say that I believe myself that 
something like S. 2692 is essential. On the whole I personally consider 
it an excellent bill and I believe the vast majority of my colleagues 
believe this, also. 

In your discussion of education 
The Cuatrman. I think for the record, as long as you are summing 

up here, it might be well to take the recommendations as they are. 
For instance, No. 1: “The U.S. Government should expand its sup- 
port of the marine sciences at a rate which will result in at least a 
doubling of the basic research activity in the United States during 
the next 10 years.” We would like your comments as they relate to 
the bill. 

For instance, the question that would come to me immediately: 
Would the bill do this? 

Mr. Brown. I would be very happy to put it in those terms. 
First of all, all of our recommendations hinge upon this very first 

one which is that the U.S. Government should expand its support 
of the marine sciences at a rate which will result in at least a doubling 
of basic research activity during the next 10 years. We have said 
that we should be able to achieve a doubling and then we have asked 
ourselves what has to go with that in terms of manpower, in terms of 
ships, and in terms of all of the corollary activities. 

Second, we recommended that the increase in support of basic re- 
search should be accompanied during the next 10 years by a new 
program of oceanwide surveys. This will require a twofold expansion 
of the present surveying effort. 
Now if I may just stop at this point and comment on those aspects 

of the bill which have bearing upon those first two recommendations. 
One of the keys involved in increasing basic research activity is 

that of increasing manpower. Increasing trained manpower. Indeed 
the manpower situation is the primary rate limiting factor, whether 
it be for basic research or for oceanwide surveys. 
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Now, the bill makes certain recommendations which are fine but we 
believe that the bill should be broadened. For example, you advocate 
the establishment of graduate fellowships and scholarships but there 
are other kinds of fellowships that are extremely useful in bringing 
competent men into this field. 

I might cite here the postdoctoral fellowship where you will take 
a men who has just received a Ph.D. in chemistry, biology or in Beye 
and then you give him a postdoctoral fellowship in oceanography and 
enable him to apply his own field of specialization to the oceanographic 
area. We find this very useful in geochemistry, for example. 

Now, in terms of the doubling of 
The Cuairman. We have had this problem with regard to encour- 

aging, supporting and financing “science” for quite a while and we 
have approached it by several different methods. I suppose it started 
with the lack of scientists. It has been with the chairman ever since 
1945 when I authored the first National Science Foundation bill. Van- 
nevar Bush used to sit around and tell me that we had a 7-year drought 
of scientists because of the war situation and we had to do something 
to go forward. | 

No. 1, we have added research in all phases of Government activity 
all the way from the National Institutes of Health to the Bureau of 
Standards, and to the Navy hydrographic people. We have given 
them more money for research. But when we came to manpower about 
the best we have been able to do has been to suggest more fellowships 
under the Science Foundation authority ; with the thought that when 
we make a grant to a university of some kind, it would encourage an 
interest in that particular field. Then, of course, we have the basic 
act we call the Defense Act, which provides for further scholarships. 

In this particular case, I just don’t know what other approaches 
we can make to the basic problem of getting more people interested. I 
don’t think Government should go too far on graduate fellowships 
where people are already interested. They get in on the projects or 
they get in on the research. But how do we arrive at a broad base ? 

As it was testified yesterday, the Russians are not so sophisticated 
but certainly they have a broader base in this particular field. How 
can we do it without sticking our noses into education. There is 
some trouble up here occasionally about that. 

Mr. Brown. In your bill what you have recommended is fine and 
it will be very useful. I believe that were you to broaden it to in- 
clude postdoctoral fellowships that it would be more useful. 
gree CuarrMAn. That is the kind of suggestion that I am thinking 

of. 
Mr. Brown. Let us suppose that Scripps, or Woods Hole were to 

have a series of post-doctoral fellowships, let’s say sponsored by the 
National Science Foundation or some suitable agency, in oceanog- 
raphy, particularly designed so that a man who gets a Ph. D., let 
us say at Johns Hopkins, or at the University of California in 
chemistry, in physics, in biology or geology, is then given the op- 
portunity right after he gets his Ph. D., to apply his knowledge to the 
marine environment. This would be a way of luring him into this 
field, so to speak. A fellowship of that sort might run somewhere be- 
tween $6,000 and $8,000 a year, for a man’s salary plus the amount of 
money that would be required to permit him to undertake the re- 
search activity. 
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The Cuairman. Of course, we did have a further problem: What 
vehicle do we use to do this? The best I could think of offhand was 
the National Science Foundation. 

Now, the Defense Department can do this if they want to. They 
can use their funds with wide latitude, in research. 

I deliberately drew the National Science Foundation bill so that 
they have pretty wide authority. They can do pretty much what they 
eae subject, of course, to telling Congress what they need the money 
or. 
They will be up here in about 2 weeks and I have to handle their 

appropriation. They have wide authority to go into this field. 
Incidentally, the committee might want some comments on the 

report of the Science Foundation on this bill, you haven’t seen it. 
Mr. Brown. I have not seen it myself. 
The CuHatrmMan. Well, it is typical of Government departments: 

“We favor the objectives, but” 
I suppose by these hearings alone we create an interest in this thing. 

People who perhaps have never thought of oceanography before get 
interested in it. 

Mr. Brown. I think that is correct. 
The Cuarrman. And by your committees and by everything else 

you and we are doing. Until I can get some further suggestion, I 
don’t know any other place to put it but in the Science Foundation, 
which we are discussing now ? 

Mr. Brown. Shall I continue? 
The CHarrMan. Yes. 
Mr. Brown. Concerning the necessity for oceanwide surveys I know 

that is not mentioned in the bill. We consider this a matter of key 
importance. Just the routine getting of the geography of the ocean, 
of the salinities, the temperatures, and the really good maps of the 
ocean bottom, the geologic maps and so forth. 

This has considerable fundamental importance and a great deal 
of rather obvious and practical importance as well. 

The CHairman. Now, where would you put that in the Govern- 
ment structure? In Coast and Geodetic? 

Mr. Brown. I believe that certainly two of our agencies should 
be involved. One is the Coast and Geodetic Survey, where I be- 
lieve the charter of the survey should be broadened so that very 
clearly and unequivocally they may go beyond the Continental Shelf. 

The CuHairman. I got that bill passed to get them beyond the 
shelf. I don’t know whether it has been signed yet or not. It passed 
the House, and I don’t know whether it has been signed. I don’t 
know why that should be vetoed, but we can’t tell. 

You suggest the Coast and Geodetic and the Hydrographic Office 
of the Navy. 

The CuHatrman. The latter has broad authority to do this, too. 
Mr. Brown. In addition to that, I believe we may well consider 

seriously having certain parts of this survey job undertaken by 
private industry. There are industries which conceivably could be 
broadened to the point where they might undertake this much in the 
way that certain industries do geophysical surveying, for example. 

The CHatrman. Now, in that case I suppose practically you would 
have to say to the Science Foundation you can contract with 
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Scripps, let’s say, or Woods Hole, or someplace else—the University 
of Miami, or the University of Washington, to do this sort of thing? 

Mr. Brown. Or contract with a private company. 
The CHairman. Or with a private company. 
Mr. Brown. Yes. 
The Cuatrman. That authority would come under the broad au- 

thority of the Science Foundation, even now. 
Mr. Brown. Or conceivably in certain other Government agencies 

the same type of contracting might be carried on. 
The important aspect of this, however, would be that it be well 

coordinated so that one agency knows what the other is doing, and 
what responsibility it is taking for its part of the overall job. 
We found in our own survey of the oceanographic situation that 

this is perhaps one of the most difficult aspects of improving the status 
of oceanography, particularly within the Government. This is a 
field which as you know completely cuts across numerous Government 
agencies. Almost every agency in one way or another has oceano- 
graphic interests and the problem is how should this be coordinated ? 

Our own committee discussed this at great length. There were some 
of us who at one time felt that perhaps some kind of a central agency 
should be established. There were others who felt we ought to at- 
tempt to maintain independent development within individual agen- 
cies as much as possible and after thrashing this out we came to 
the conclusion that we favored a compromise between the central 
agency and the independent development approach. 

In other words, we favored the establishment of some kind of a 
coordinating group but nevertheless to encourage the independent ap- 
proach within each agency. 

The CuatrMan. That might logically follow if we can get this pro- 
gram started, because that was the pattern on space. We started out 
with different agencies and finally we said, “Well, let’s have a separate 
space agency,” which we now have. 

Mr. Brown. Now, I believe that. the decision that your own com- 
mittee makes in this legislation far transcends oceanography, itself. 
I believe it will get at the core of the very basic fundamental problem 
of decisionmaking, concerning science and technology in Government. 
Just how does one go about handling it? Your bill may well establish 
some kind of a precedent and for that reason we believe that it 1s some- 
thing that really has to be thought through extremely carefully. 

If the coordination is to be done under the National Science Foun- 
dation as you propose in the legislation, we believe that there should 
be a broadening of the wording. We believe the wording as it 1s now 
is unnecessarily restrictive. For example, the scientists who are repre- 
sentatives of the proposed panel would be, as it is now written, scien- 
tists who are from institutions which have oceanograplie contracts. 
We believe that other scientists who have no direct oceanographic in- 
terests should be included as well in order to maintain a degree of 
impartiality, shall we say. 

If we are to double our support of the 
_ The Cuarrman. I thoroughly agree with you on that, too. The 
Science Foundation fell into a pattern over the past 8 or 9 years where 
they started to go to one or two institutions and finally we found 
nearly 80 percent of everything they were doing up in one section. In 
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four or five institutions. I need not mention the institutions. You 

people are all familiar with them. They are up in this northeast 

corner up here. Of course, we drift into that pattern but we should 
have a spread. 

Mr. Brown. My other comments on the doubling of basic research 

activities, surveying and so forth involve financing so perhaps I should 

go ahead and for the record put in the second two recommendations 

and then discuss those all in terms of financing of new research ships, 

facilities, and so forth. 
Our third recommendation is that the United States should expand 

considerably its support of the applied marine sciences particularly 
in military defense, marine resources, and marine radioactivity. 

Our fourth recommendation is that the Navy and the National 

Science Foundation should each finance about 50 percent of the new 

basic research activity, except ship construction; the Navy should 
finance 50 percent of the new research ship construction, with the 

Maritime Administration and the National Science Foundation shar- 

ing the remainder. 
The Navy, through the Hydrographic Office, should finance 50 per- 

cent of the deep ocean surveys while the Coast and Geodetic Survey 
should finance the balance. 

The Navy should sponsor completely all military research and 

development operations. 
The Bureau of Commercial Fisheries should finance the greater 

part of the recommended ocean resources program. 
The Atomic Energy Commission should finance the major part of 

the research dealing with the problems of radioactive contamination 
of the ocean. 

The National Science Foundation and the Office of Education 
should sponsor jointly the proposed program for increasing scientific 
and technical manpower in the marine sciences. 

Efforts aimed at fostering international cooperation in the marine 
sciences should be sponsored by the Department of State, the Inter- 
national Cooperation Administration, and the National Science 
Foundation. 

Other agencies should take responsibility for certain aspects of the 
proposed program, particularly the Public Health Service, the Geo- 
logical Survey, and the Bureau of Mines. 

Concerning the practical applications of oceanography, I read with 
great interest your statement concerning the 

The Cuarrman. Well, before we leave that, would you say that any 
bill should give any of these agencies, or a combination, or any one 
agency, the broad authority to participate with private institutions, 
ae as universities, Scripps, Woods Hole, or the rest, regardless 
) 

Mr. Brown. I believe all Government agencies with legitimate in- 
terests in oceanography should be authorized to enter into contracts 
and so forth and to give research grants to private institutions. 

The Cuatrman. I think the committee will look very favorably upon 
that in any legislation. 

Mr. Brown. Even though the agency concerned does not have a 
research organization of its own, by entering into contracts and being 
empowered to give grants it keeps in contact with current work and 
with what is going on. 
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I know that in the legislation, the operating areas in which fisheries 
studies may be undertaken are rather clearly specified in terms of 
latitude and so forth: We believe that this is a mistake, that really 
we should be empowered to undertake fishery studies any place in 
the world. I thought about this last night and thought how a, cor- 
responding piece of legislation before the Japanese equivalent of Con- 
gress might read. I doubt very much that they would specify any 
particular region in which they could undertake fishery studies. 

The Cuairman. I probably had in mind there, thinking of certain 
problems in certain places, I was trying to push them into those places. 

Mr. Brown. I fully agree that studies in the places mentioned by 
your programs should be undertaken but I believe it should be 
broadened. 

The Cuatrman. [agree it should be broad. 
Mr. Brown. Now, perhaps from the point of view of expenditures, 

the major part of the program involves shipbuilding and the construc- 
tion and operation of new shore facilities. 

In connection with shipbuilding, I know there is no sum mentioned 
for funding authorizations for the Maritime Administration for re- 
search ships. Also, we believe that the statementss concerning funds 
for construction of new shore facilities should be broadened to include 
the expansion of existing facilities. 

If I interpret the wording of the legislation correctly, you could 
go out and build a new institution, but were the Chesapeake Bay In- 
stitute at Johns Hopkins University desirous of broadening activities 
and building new facilities that would not be possible under the legis- 
lation as it is now written. So I believe that that section could be 
broadened. 

The Cuairman. Do you still agree with the number of ships under 
a 10-year program as listed on page 12? 

Mr. Brown. Yes. That, I believe, gives a pretty clear picture of 
what, in the opinion of our committee, we need. 

The Cuatmrman. And the breakdown as to the sponsors? The Navy 
should have approximately 38; Coast and Geodetic Survey, 10; Bu- 
reau of Commercial Fisheries, 14; Science Foundation, 4; and Mari- 
time Administration, 4? 

Mr. Brown. Yes. 
Again concerning funding authorizations, no sum is mentioned 

for the Department of Health, Education, and Welfare, and also in 
connection with marine resources development, a smaller sum is men- 
tioned in the bill than we believe is required for marine resources 
development. 

In conclusion, however, I would like to stress again that in the 
opinion of our committee this bill, as it is written, is a very fine one. 
We suggest the modifications but after much deliberation those are 
all of the modifications that we have to suggest at the present time. 

The Crairman. And then you have the scheduling of new ships 
which, of course, would have to be subject to flexibility. You may 
not get them all in the same year. 

Mr. Brown. I should perhaps mention one aspect of this shipbuild- 
ing program. We suggested that a certain number of ships are needed 
and we mapped out a rough proposed schedule. This rough proposed 
schedule, when you add everything together, puts a peak in the total 
budget for oceanographic research, as a function of time. 
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Now, this peak, I am told by friends of mine within the Govern- 
ment, that peaking a budget is an extremely difficult thing to do. 
That is something much more in your area than in ours. 

The Cuatrrman. The total cost for the 10-year program would be in 
the neighborhood of $212 million? 

Mr. Brown. That is right. I might pomt out—— 
The CuarrmMan. Or approximately $20 million a year 4 
Mr. Brown. Yes. 
The Cuairman. I can’t help but remark, we put that in one capsule, 

going the other way. 
Mr. Brown. I might point out I happen to be a member of what is 

called the Space Science Board of the National Academy. This is a 
group which serves as a general advisory group in the National Aero- 
nautics and Space Administration, and this appears to be rather small 
potatoes compared with the figures we used over there. 

The Cuatrman. I am sure that Dr. Glennan and the rest of them 
would endorse this program. They would consider it necessary and 
I think vital, along with their program. Iam sure they would. 

Mr. Brown. I don’t think there is any question about it. As a 
matter of fact, my own research is more intimately involved in the 
space program than it is with oceanography, and thus I can say, with- 
out any prejudice whatsoever, in my opinion the carrying out of a 
program such as that outlined here is just about the most important 
long-range activity that our Government could get involved in from 
the scientific point of view, and from the practical point of view. 

The CuarrmMan. Well, this is a very good breakdown, as much as 
could be done when you are estimating and looking into the future 
and I want to suggest that the breakdown beginning on page 12 of 
the tables, up to 7, page 8—page 16 will be put in the record, which 
shows the operating costs, the numbers, the suggestions made. 

Senator YarsoroucH. Shouldn’t we print this whole thing in the 
record ¢ 

The Cuatrman. Yes, I think the whole thing should be printed in 
the record. 

Mr. Brown. An extensive part of this was introduced into the rec- 
ord some months ago, I believe, by Senator Humphrey. 

The CuHatrman. I want it in our record here. 
(The document referred to follows :) 

OCEANOGRAPHY, 1960 TO 1970 

CHAPTER 1—INTRODUCTION AND SUMMARY OF RECOMMENDATIONS 

First chapter of a report * in progress by the Committee on Oceanography of the 
National Academy of Sciences-National Research Council, Washington, D.C. 

COMMITTEE ON OCEANOGRAPHY 

Harrison Brown, professor of geochemistry, California Institute of Technology, 
Chairman. 

Maurice Ewing, Lamont Geological Observatory, Columbia University, Palisades, 
iNEYS 

1 The complete report of the Committee will include the following additional chapters: 
2, “Basic Research in Oceanography During the Next 10 Years’’; 3, ‘Ocean Resources” ; 
4, “Oceanographic Research for Defense Applications’’; 5, ‘“‘Artificial Radioactivity in the 
Marine Environment” ; 6, ‘‘“New Research Ships”; 7, “Engineering Needs for Ocean Explora- 
tion’; 8, ‘“Hducation and Manpower’; 9, ‘‘Oceanwide Surveys” ; 10, ‘International Cooper- 
ation”; 11, ‘‘“History of Oceanography” ; 12, ‘““Marine Sciences in the United States, 1958.” 
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Columbus O’D. Iselin, Woods Hole Oceanographic Institution, Woods Hole, Mass. 

Fritz Koezy, Marine Laboratory of the University of Miami, Miami, Fla. 

Sumner Pike, Lubec, Maine, formerly Commissioner, U.S. Atomic Hnergy Com- 

mission. 
Colin Pittendrigh, Department of Biology, Princeton University, Princeton, N.J. 

Roger Revelle, Scripps Institution of Oceanography, La Jolla, Calif. 

Gordon Riley, Bingham Oceanographic Laboratory, Yale University, New Haven, 

Conn. 
Milner B. Schaefer, Inter-American Tropical Tuna Commission, La Jolla, Calif. 

Athelstan Spilhaus, Institute of Technology, University of Minnesota, Minneapo- 

lis, Minn. 
Richard Vetter (executive secretary), on leave from the Geophysics Branch of 

the Office of Naval Research, Washington, D.C. 

I. INTRODUCTION 

Two-thirds of the earth’s surface is covered by the waters of the seas. The 
waters themselves greatly affect our lives—they play a major role in governing 
our climate; the provide inexpensive transportation : from them we derive impor- 
tant quantities of nourishment; they have traditionally provided protection 
against military attack. Beneath the surface a myriad of wonders is concealed. 
there are trenches, the floors of which are as much as 7 miles below sea level. 
Mountains which approach Mount Everest in height rise up from the ocean 
floor. Sediments in the ocean deeps contain detailed records of earth history 
and, associated with it, life history The more than 300 million cubic miles 
of water contain huge assemblages of living matter of fantastic variety. 

As our technological civilization increases in complexity, as human popula- 
tion grow more and more rapidly, as problems of military defense become in- 
creasingly difficult, as man pushes forward with his relentless quest for greater 
understanding of himself, his origins and the universe in which he lives—as 
all of these changes take place, detailed knowledge and understanding of the 
oceans and their contents will assume ever greater importance. 

Man’s knowledge of the oceans is meager indeed when compared with their 
importance to him. Recognizing that neglect in this area of endeavor might 
well result in our being placed in a precarious position from the scientific, tech- 
nological, and military poiffints of view, the National Academy of Science Na- 
tional Research Council decided in 1957 to form a Committee on Oceanography.” 
In May of that year President Detlev Bronk appointed Harrison Brown, pro- 
fessor of geochemistry at the California Institute of Technology, Chairman of 
the Committee. The Committee itself was formed during the following months 
and its first meeting was held in November 1957. 

The work of the Committee was made possible by the sponsorship of several 
Government agencies, all of which have interests in the oceans; Atomic Energy 
Commission, Bureau of Commercial Fisheries, National Science Foundation, and 

Office of Naval Research. 
The Committee was organized as a part of the Division of Harth Sciences 

of the National Academy of Sciences-National Research Council. 
At the request of President Bronk, the Committee has made a survey of the 

present status of the marine sciences in the United States. It has attempted 
further to assess the major problems of operation, administration, and funding 
in this area and to evaluate the probable needs for oceanographic knowledge in 
the years ahead. On the basis of its findings, the Committee has drawn up a 
series of recommendations which, if followed, can result in a strengthening of 
the marine sciences during the next 10 years to a level which is consistent on 
the one hand with the assessed needs, and on the other with limitations such as 

the rates at which ships and laboratories can be built and new oceanographers 
can be trained. It should be stressed. however, that the Committee considers 
its recommendations minimal ones. Action on a scale appreciably less than 

2 This is the third NAS-NRC Committee on Oceanography. |The first was established in 
1927 under the chairmanship of Dr. Frank R. Lillie. The second, chaired by Dr. Detlev 
Bronk, was established in 1949. |The reader is referred to the following publications for 
additional background material on these two committees : 
a “Oceanography,” Henry B. Bigelow, Boston and New York: Houghton Mifflin Co., 

(2) “International Aspects of Oceanography,’ Thomas W. Vaughn et al., Washington 
Gh UNat tonal Acsdeniy lon scicncce *10s7e Gate = i mi 
Hew “Oceanography 1951,” NAS-NRC Publication 208, Washington, D.C., 1952 (out of 

print). 
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that recommended will jeopardize the position of oceanography in the United 
States relative to the position of the science in other major nations, thereby ac- 
centuating serious military and political dangers, and placing the Nation at a 
disadvantage in the future use of the resources of the sea. 

The deliberations of the Committee were complicated by a number of factors: 
oceanography embraces many sciences—indeed “oceanography” encompasses the 
scientific study of all aspects of the oceans, their boundaries and their contents; 
research is undertaken in a variety of private and Government laboratories; 
numerous Government agencies have direct but differing interests in the ocean; 
unds are derived from many sources. In order to expedite the formulation of 
recommendations under these circumstances, several specialized panels *° were 
formed for the purpose of making specific studies: Oceanographic Research 
Ships, New Devices for Exploring the Oceans, Ocean Resources, Radioactivity 
in the Oceans, and International Cooperation in the Marine Sciences. 

The memberships of the panels are listed in the appendix. The Committee on 
Oceanography is greatly indebted to the panel members, who gave extensively 
of their time to these studies, and without whose help the recommendations 
could not have been formulated. 

The complete reports of the panels have been incorporated into the final re- 
port of the Committee. Chapter headings of the final report are listed below 
the table of contents cf this summary. Individual chapters will be made ayail- 
able separately through the National Academy of Sciences as soon as possible. 
In addition, a condensed version of the Committee’s report shortly will be made 
available for widespread distribution. The reader is referred to individual 
chapters of the report for more detailed discussion of the background, facts, 
and reasoning which have led to the recommendations summarized in ‘Section 
II—General Recommendations.”’ 

THE IMPORTANCE OF THE PROBLEM 

The Committee has found that relative to other areas of s¢ientific endeavor, 
progress in the marine sciences in the United States has been slow. There has 
been a substantial amount of excellent work, more often than not undertaken 
under extremely difficult and trying circumstances. But generally speaking, 
progress has not been rapid when compared with the essential and exciting infor- 
mation yet to be obtained by probing the vast and dark, but penetrable, depths 
of water which cover so much of the earth’s surface. 

The seas present a challenge to man which in magnitude approaches that of 
space. At least we have been able to observe the moon, planets and stars directly 
with our telescopes. But the ocean depths, shrouded in darkness, have been 
obscured from our view. We know less about many regions of the oceans today 
than we know about the lunar surface. Yet we have learned enough to know 
that major features of the ocean floor—35,000 foot deep trenches; 2,000-mile- 
long fracture zones ; flat-topped under sea mountains; broad ocean long ridges: 
abyssal plains as flat as a calm sea—are uniquely different from anything either 
on the surface of the moon or on the land surfaces of earth. How and when were 
these features formed and why are they so different? An answer to these ques- 
tions is essential if we are to decipher the history of our planet and its sister 
planets. Part of the answer lies in the records of ancient earth history locked 
in deep sea sediments; part will come from an intensive study of the rocks under 
the ocean. These studies, combined with studies of the waters and the living 
creatures of the sea, will also tell us much about the origin and evolution of 
life on earth. 

During the last few years, four great subsurface ocean currents—rivers in 
the depths of the sea 1,000 times greater in flow than the Mississippi—have 
been discovered using newly developed current measuring techniques. We 
Suspect that others exist and we need to know where the waters come from and 
where they go. 

On the practical side the problems to be solved concerning the oceans are at 
least as urgent as those of space. How many fish are in the sea? No man 
knows, nor do we know what determines the number of fishes in different regions, 
the quantities of plant and animal materials on which they feed, or what could 
be done to increase these numbers. We must learn these things if we are to help 
solve the increasingly acute problems of providing animal protein food for the 

* The Committee as a whole acted as a panel on basic research, on education and man- 
power, and on problems of operations, sponsorship, and funding. 
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growing numbers of underfed people in the world. Given more study man can 
economically harvest considerably more food from the seas than is now possible. 
Considering the position of the United States in the community of nations, it 
seems appropriate, even essential, that we lead the way in this respect. 

About a third of the energy of sunlight is used to evaporate sea water. This 
evaporation and the subsequent condensation are the primary means by which 
solar energy is absorbed in the atmosphere. There is good reason to believe that 
changes in the location where interchange of matter and energy takes place 
between sea and air affect persistent weather patterns. We know that the aver- 
age weather conditions we call climate can change over a few decades, and we 
suspect that changes in the storage of gases and heat in the oceans will pro- 
foundly influence the process. Studies of the mechanisms of interchange be- 
tween the air-sea boundaries of regions where intense interchange occurs and 
of the slow mixing between the ocean deeps and the surface which controls 
storage of heat and gases are essential for further understanding, hence for 
prediction and possibility of control. 

From the point of view of military operations there is no comparison between 
the urgencies of the problems of the oceans and those of outer space. The sub- 
marine armed with long-range missiles is probably the most potent weapon 
system threatening our security today. It seems clear that the pressures of 
establishing effective bases, and of protecting ourselves from attack, are relent- 
lessly driving us into the oceans. 

The problems involved in military operations in the sea are enormous. We 
will not be able to navigate under the oceans with adequate precision until our 
knowledge is greatly expanded. Nor will we be able to detect submerged sub- 
marines efficiently unless we learn far more about the ocean depths than we now 
know. We will not be in a position to negotiate an adequate international sub- 
marine control and monitoring system until we have the ability to make the 
oceans transparent so that we can track all submarines in the oceans, both our 
own and all others. To accomplish this, we must place greater national em- 
phasis on research in the marine geophysical sciences, on surveys of the ocean 
background against which tracking must be accomplished, and on the develop- 
ment of effective devices to achieve such oceanwide surveillance. The Commit- 
tee’s recommendations constitute an essential first step in these directions. 

With these problems and prospects in mind, this Committee has attempted to 
assess the steps which should be taken in order that the United States might 
possess outstanding capabilities in the oceanographic field, and in order that we 
might obtain sufficient knowledge in time to avert a “crash” program—which 
would be wasteful in terms both of money and valuable technical manpower. 

The cornerstone of our oceanographic endeavors is basic research. We need 
to understand waves and the interactions between the atmosphere and the oceans. 
We need to know more about ocean currents and upwellings. More intensive 
studies should be made of the properties of sea water and of processes of sedi- 
mentation. We should systematically study the life forms in the oceans in three 
dimensions. We should study the sea floor with instruments and we should 
send men down to look at it in many localities. 

In view of the complexities of these problems the Committee has recom- 
mended that the level of basic research in these fundamental areas be sub- 
stantially increased during the next 10 years. This will require increases both 
in manpower and in facilities. Of particular importance among the facilities are 
ships, which are to the oceanographer what cyclotrons or reactors are to the 
nuclear physicist. He simply cannot undertake adequate research without 
them. 

Our oceanographic research ships are inadequate for the job which must be 
done. Most of the ships are old and outdated. Many are obsolete and should 
be replaced by ships of modern design which will be more efficient to operate 
and from which a greater variety of scientific observations can be made. In 
addition, the number should be increased. 

The oceanographer also needs improved instruments if he is to penetrate the 
water barrier and learn in detail about conditions at great depths. Thus far 
oceanographers have not been able to take full advantage of recent technological 
developments and, accordingly, the Committee has recommended the establish- 
ment of a program of broad scope, aimed at developing and using new instru- 
ments and devices for exploring the sea. Using new deep-diving vehicles, for 
example, it is now possible for man to observe directly the ocean deeps. It 
seems highly like that within the next 10 years men will descend through the 
water nearly 7 miles to the deepest point on earth. 



MARINE SCIENCE 9] 

An integral aspect of a program for learning about the oceans involves our 
surveying them more or less routinely. The topography of the ocean floor should 
be mapped in detail. We should arrive at a complete picture of gravitational 
and magnetic forces and of ocean currents in three dimensions. Sufficient bio- 
logical information should be gathered so that we can prepare accurate maps 
of the distribution of life in the sea. 

All of these studies, together with others like them, will have bearing upon 
the more immediate practical problems which confront us in the military area 
and in the area of ocean resource development. In addition to this, however, 
it is clear that the applied research and development programs in these areas 
should be expanded. 

In the committee’s attempts to give quantitative indications of the relative 
amount of effort which it believes should be placed upon various aspects of the 
proposed program by individual Government agencies, suggested budgets have 
been compiled for a 10-year period. These suggested budgets, in the commit- 
tee’s opinion, present a reasonable representation of the magnitude and kind of 
effort and the degree of interagency cooperation which will be required if the 
recommended goals are to be achieved. In addition, a budget permits a direct 
comparison of efforts in this field relative to the efforts in other fields of scien- 
tific and technological endeavor. 

II. GENERAL RECOMMENDATIONS 

The key to the growth of oceanography in the United States lies in basic re- 
search—research which is done for its own sake without thought of specific 
practical applications. ‘The very nature of basic research is such that the prob- 
lem which will be attacked and the results which will be obtained cannot be 
predicted. ‘The very nature of applied research is such that its success depends 
upon the size of the reservoir of fundamental knowledge upon which it must 
draw. The rate of progress in the applied marine sciences will be determined 
in the long run by the rate of progress in the basic marine scienes. 

The committee has concluded that both the quantity and quality of basic 
research in the marine sciences can and should be increased substantially during 
the years ahead. Specifically the committee recommends: 

1. The U.S. Government should expand its support of the marine sciences 
at a rate which will result in at least a doubling of basic research activity 
during the next 10 years.* 

It should be emphasized that doubling the basic research activity will require 
more than doubling the total expenditures. 
A large part of the deliberations of the committee were devoted to discussions 

of the conditions under which basic research can flourish. First and foremost, 
progress depends upon the interests, experience, and creative imaginations of 
individual scientists. But the individual scientist does not work in a vacuum. 
He must have instruments and facilities. He must live in an atmosphere which 
is conducive to creative activity. ‘These necessities in turn give rise to problems 
involving marine research laboratories—problems of leadership, financial stabil- 
ity, flexibility, growth, academic associations, and physical facilities. 

Not only for research but in order to exploit and use the oceans we need more 
detailed knowledge which can be obtained only through systematie surveys in 
three dimensions. ‘These surveys should include such features as depth, salinity, 
temperature, current velocity, wave motion, magnetism, and biological activity. 
It is essential that these surveys be conducted on an oceanwide ocean-deep basis 
as quickly as possible. Our knowledge is now largely limited to waters 100 
miles from shore and even here it is inadequate for present and future needs. 
Accordingly, the committee recommends: 

2. The increase in support of basic research should be accompanied during 
the next 10 years by a new program of oceanwide surveys. This will require 
a twofold expansion of the present surveying effort. 

We believe that, on a long-range basis, basic research coupled with systematic 
ocean.surveys are of paramount importance in solving a number of urgent prac- 
tical problems involving military defense, the development of ocean resources 
and possible future increases of radioactive contamination of the seas resulting 
from the rapid development of atomic energy. However, research and surveys 

4In 1958 about $23 million were spent for applied and basic oceanographic research. 
The basic research share of the total was not over 9 million. About § million of this, 
including the 1958 share of IGY expenditures, were Federal funds. 

58401—60——_7 
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must go hand in hand with a vigorous and imaginative applied research and 
development program. Accordingly, the committee recommends: 

3. The United States should expand considerably its support of the applied 
marine sciences, particularly in the areas of military defense, marine re- 
sources, and marine radioactivity. 

The implementation of these general recommendations requires action upon 
a number of broad fronts. More marine scientists must be educated. Addi- 
tional ships and shore facilities must be built. New instruments and techniques 
must be developed. International cooperation in the marine sciences must be 
strengthened. 

To achieve these aims in the next 10 years will necessitate many agencies of 
the Federal Government working together both in planning and in providing 
the moneys.” ‘Taking into account the relative degrees of interest and impor- 
tance of oceanography to individual agencies, the committee recommends : 

4. The Navy and the National Science Foundation should each finance 
about 50 percent of the new basic research activity except ship construction. 
The Navy should finance 50 percent of the new research ship construction 
with the Maritime Administration and the National Science Foundation 
sharing the remainder. The Navy through the Hydrographic Office, should 
finance 50 percent of the deep ocean surveys, while the Coast and Geodetic 
Survey should finance the balance. The Navy should sponsor completely all 
military research and development operations. The Bureau of Commercial 
Fisheries should finance the greater part of the recommended ocean resources 
program. The Atomic Hnergy Commission should finance the major part of 
the research dealing with the problems of radioactive contamination of the 
oceans. The National Science Foundation and the Office of Education should 
sponsor jointly the proposed program for increasing scientific and technical 
manpower in the marine sciences. Efforts aimed at fostering international 
cooperation in the marine sciences should be sponsored by the Department 
of State, the International Cooperation Administration, and the National 
Science Fundation. Other agencies should take responsibility for certain as- 
pects of the proposed program, particularly the Public Health Service, the 
Geological Survey, and the Bureau of Mines. 

Although the bulk of oceanographic research and survey work must of necessity 
be financed by the Federal Government, the value of State and private funds 
cannot be overestimated. Such funds are especially helpful for supporting initial 
exploratory basic research and for starting new laboratories. Accordingly, the 
committee recommends: 

5. Private foundations and universities, industry, and State governments 
should all take an active part in the recommended program of expansion. 

III. SPEcIFIC RECOMMENDATIONS 

A. EDUCATION AND MANPOWER 

(1) The universities now providing graduate education for oceanographers 
should be encouraged to increase the nmbers and quality of their output. Some 
institutions which now teach oceanographic in only certain branches of ocea- 
nography should add professors in other fields to their faculties. ‘These measures 
will require financial support. 

(2) Institutions which undertake considerable research, but provide no regular 
formal teaching in oceanography, could contribute greatly to the education of 
oceanographers at the highest level by close formal affiliations with universities. 
Conversely, universities should recognize their responsibilities in the education 
of oceanographers. They should welcome this affiliation with marine labora- 
tories and arrange for the interchange of faculties. This will require financial 
support. 

(8) It may be desirable to develop oceanographic education at new centers. 
However, a critical mass of faculty in the basic sciences is essential for success- 
ful teaching of oceanographers. Such new centers should, therefore, be devel- 
oped at universities which possess strong faculties in the sciences. 

(4) In order to finance new faculty in oceanography at existing or new teach- 
ing centers, the U.S. Government should provide funds on long-term commit- 

5 One method suggested for developing more effective interagency cooperation is through 
the proposed Federal Council for Science and Technology. ‘This Council is described in 
Queue thening American Science,” a recent report of the President’s Science Advisory 
ommittee. 
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ments. This committee recommends that about $500,000 per year be appropri- 
ated for salaries and the equipment and indirect costs associated with such posi- 
tions. This program could be operated through the Office of Education. 

(5) In order to attract competent graduate students to the long and somewhat 
arduous schooling required of well-qualified oceanographers, it will be necessary 
to provide substantial long-term fellowships. It is believed that 80 fellowships 
should be supported on a 5-year basis and at an average stipend of $3,500 to 
$4,000 per student each year. This will produce 12 to 15 new Ph. D.’s per year 
(allowing a reasonable attrition factor) at an annual cost of about $300,000. 
This would provide approximately one-third of the student support that will be 
needed in order to double the number of oceanographers at the Ph. D. level dur- 
ing the next 10 years. 

It is desirable that fellowships permit students to attend more than one uni- 
versity. This can provide students with well-rounded educations in all branches 
of oceanography without each university having to provide a full curriculum. 
Such a program should be handled through the National Science Foundation. 

(6) Efforts should be made in research and survey programs to use larger 
numbers of assistants at the bachelor and master’s level in order to utilize more 
efficiently the limited number of persons available at the doctoral level. 

(7) Oceanographers should undertake more active recruiting of prospective 
oceanographers among undergraduate students of physics, chemistry, biology, and 
geology. 

B. NEW SHIPS FOR RESEARCH, DEVELOPMENT, AND SURVEYING 

(1) A shipbuilding program should be started aimed at replacing, modernizing, 
and enlarging the number of oceangoing ships now being used for research, 
surveying, and development. Specifically in the period 1960-70 the research, 
development, and survey fleet should be increased from its present size of about 
45 ships to 85 ships. Taking into account the replacement of ships which must 
be retired during the next decade, this means that 70 ships should be constructed 
at a total estimated cost of $213 million. 

(2) The size ranges recommended for new oceangoing ships are: about 500 tons, 
1,200 tons, and 2,200 tons displacement. 

(3) The conversion of vessels, which were originally designed for other pur- 
poses, into research, development, or survey vessels is to be discouraged. Such 
conversions are generally uneconomical. 

(4) The recommendations for the construction of ships for specific purposes 
(basic research, military research and development, oceanic surveys, resources, 
and fisheries) are given in table 1. 

(5) The recommended size distribution for new ships is given in table 2. 
(6) The Navy should provide about 50 percent of the financing for the con- 

struction of new ships for basic research, all of the financing for new ships 
for military research and development, and 50 percent of the financing for new 
ships for oceanic surveys. The Coast and Geodetic Survey should provide 50 
percent of the financing for the construction of new ships for oceanic surveys. 
The Bureau of Commercial Fisheries should finance the constructien of all of 
the new ships for marine biological resources and fisheries studies. The Na- 
tional Science Foundation and the Maritime Administration should each provide 
about 25 percent of the financing for new ships for basic research. The numbers 
of ships in each size category which should be built by each of the sponsoring 
agencies are given in table 3. 

(7) Detailed recommendations for the scheduling of ship construction by 
each of the sponsoring agencies are given in table 4. Estimated capital costs by 
year and by agency are given in table 5, based upon the assumption that a 
500-ton ship will cost about $1.65 million, a 1,200—-1,500-ton ship will cost about 
$3.80 million, and a 2,000-ton ship will cost about $5 million. 

(8) The Maritime Administration should be consulted in the designing of all 
ships paid for from public funds and used for marine studies. 

(9) Research ships operated by private institutions like those operated by the 
Navy, Coast Guard, and Coast and Geodetic Survey should be exempt from those 
existing legal requirements for living accommodations, safety and the licensing 
of crews, which are practical and sensible only on large (3,000 tons) merchant 
ships. 

(10) All noncombatant surface ships used for research, development, or sur- 
veying should be operated by the laboratory or agency directly concerned and 
should have civilian crews. 
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(11) In most cases the annual costs of operating vessels for basic research by 
non-Government laboratories should be paid for separately from the other 
expenses of research, for example, through a long-term facilities contract distinet 
from any research contracts. 

(12) The costs of ship operations paid by the Federal Government should be 
subdivided as follows: the Navy should pay for 50 percent of the operational 
costs of ships used for basic research, all of the operational costs of ships used 
in military research and development, and 50 percent of the operational costs of 
ships used for oceanic surveys. 

The Coast and Geodetic Survey should pay for 50 percent of the operational 
eosts of ships used for surveys. The Bureau of Commercial Fisheries should 
pay for the operations of ships used for resources and fisheries studies. The 
National Science Foundation should pay for 50 percent of the operational costs 
of ships used for basic research. 

(13) Estimated costs of ship operations, both by function and by agency, are 
given in tables 6 and 7. 

TEN-YEAR PLAN FOR INCREASING THE U.S. FLEET OF OCEANOGRAPHIC SHIPS 

TABLE 1—Fwunction of ships 

Military Resources 
Research | R. and D. Survey and fish- Total 

eries 

Present fleet 2452. ease se oe 11 9 18 7 45 
Tojbeweplaced+_. =. 2 282.2 22 5 9 9 7 30 
Still operational in 1970_____.--.----------- Gn Sees ee (eet es Se 15 
Additional new construction____----------- 11 11 11 7 40 
Motaltconstry CtiOne=.= =n see ee 16 20 20 14 70 

Total fleet in 1970___----------_------.. 22 20 29 14 85 

TABLE 2.—Recommended size distribution of new ships 

Military Resources 
Size Research R. & D. Survey and Total 

fisheries 

500 ONSE Se oes ee ot ee 5 10 4 12 31 
TA OSMAN Og tee oe DS a ee eee 9 6 11 2 28 
Larger than 2,000 tons__------------------- 2 4 hee NS ee 1l 

Hi Do) (2) ones Seen re a ee see 16 20 20 14 70 

TABLE 3.—Recommended sponsors of new ships 

1,200-1,500 Larger 
500 tons tons _ than 2,000 Total 

tons 

INT SUVs yiesa See en a as a ee LE ol oh ee, ae eh 12 18 8 38 
Coast and Geodetic Survey___.------------------------ 2 6 2 10 
Bureau of Commercial Fisheries___-------------------- 12 Pll siete ps5, 14 
National Science Foundation ______-_------------------ Oy ee eee ee 1 4 
Maritime Administration.____._-.._..__----------------- 2) Qh ut Leelee 4 

SA V0 fc) Ue i pi As oh oe RL 31 28 il 70 
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TABLE 5.—EHstimated capital costs for new oceanographic ships by agencies 

[Millions of 1958 dollars] 1 

Coast and Bureau of National Maritime 
Navy Geodetic Commercial Science Adminis- Total 

Survey Fisheries Foundation tration 

1060222 ae ae a ee 23. 95 5. 45 3. 30 1. 65 5. 45 39. 80 
JOGUSE SE aes ae 21.35 5. 00 7.10 1. 65 3. 80 38. 90 
OG 2 ae a ae eee 20. 90 7. 60 7.10 5. 00 1.65 42. 25 
TOGS BE ce ee eee 20. 90 5. 45 3. 30 1653-3: 2S. ee 31.30 
19645 ee See Ree Sees 19. 25 5. 00 3430). Seane) == ell Sa 27.55 
L9GDE Ss San sot Se Ss 14. 25 3. 80 8190) |e Soe ee 21.35 
TOG 225 ae cee 7. 60 31804 Pecsoe ene l|BS. bal. el ae ee ae 11.40 

Notale ese. 128. 20 36. 10 27. 40 9. 95 10. 90 212. 55 

1 Budget allocations have been assigned to the year immediately preceding that in which the ship is to 
be put into service. ; 

TABLE 6.—Hstimated ship operations costs above present level by function 

[Millions of 1958 dollars] 

Year Research Survey Resources Total 1 
and fisheries 

0. 60 0. 65 0. 30 1.55 
1.20 1.30 55 3. 05 
1.80 2.00 85 4. 65 
2.35 2. 60 1.15 6. 10 
2.95 3.30 1. 40 7. 65 
3. 55 3. 90 1.70 9.15 
4.15 4, 60 1. 70 10. 45 
4.15 4. 60 1.70 10. 45 
4.15 4. 60 1.7 10. 45 

24. 90 27. 55 11.05 63. 50 

1 Excluding military research and development ship operations. 

TABLE 7.—LHstimated ship operations costs above present level by agency 

[Millions of 1958 dollars] 

Coast and Bureau of National 
Year Navy ! Geodetic Commercial Science Total ! 

Survey Fisheries Foundation 

1960 .022.2---25s2e22-cebeses see sel tee ee ed Seb eee ce | See kos |e ee eee 
LOGI S Masten oe eee ls 0. 62 0. 33 0. 30 0. 30 1. 55 
196202 eee Eee 1.25 - 65 55 . 60 3.05 
1OG3ES - Saee wei Ss Heeb a ee 1. 90 1.00 85 - 90 4. 65 
1OG42 2 Sooo os = eee oe 2.47 1.30 1.15 1.18 6. 10 
LOG 5 Eee A ee ee 3.13 1.65 1.40 1.47 7. 65 
196622 ae oo See ea 3. 72 1.95 1. 70 1.78 9.15 
LOG (AU a ae Sie tes 2 5 at Re 4.38 2. 30 1. 70 2.07 10. 45 
LOGB ESS ee Se Se eee 4.38 2.30 1.70 2.07 10. 45 
LOGO Se Ree Se ES oe kes 4.38 2. 30 1.70 2.07 10. 45 

MO tales sae een eee 26. 23 13. 78 11.05 12. 44 63. 50 

1 Excluding military research and development ship operations. 

C. SHORE FACILITIES FOR BASIC RESEARCH 

In order to derive the maximum knowledge from observations and collections 
made at sea, it is estimated that 60 technical persons must be available for the 
average ship involved in high seas research activity. Most of these persons 
are involved in land-based activities which require laboratories and associated 
facilities. 
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(1) It is recommended that for every additional oceangoing research ship 
put into operation, an average investment of $1.5 million be made for essential 
shore facilities. These costs should be divided between the Navy and the National 

Science Foundation. 
(2) It is estimated that the costs of research other than ship operations will 

average about $1.2 million per ship per year. The committee recommends that 
Federal funds for this purpose be divided between the Navy and the National 
Science Foundation. 

The costs to each agency, by years, are given in table 8. Capital allocations are 
assigned to the year preceding the placing of a new research ship into operation. 
Although table 8 shows no increase in the operating costs of shore-based facilities 
for basic research until 1961, when the first new ships are completed, we expect 
that plans now being made by various Federal agencies (mainly the National 
Science Foundation and the Navy) involving budgets for basic oceanographic 
research will be able to maintain the 1958 level of activity and allow for some 
buildup of staff. Such plans should be strongly supported by the agencies, the 
Bureau of the Budget, and the Congress in order to avoid a serious relapse of our 
present capabilities. 

TABLE 8.—Capital and operating costs of basic research other than ships 

[Over and above present level in millions of 1958 dollars] 

Navy National Science 
Foundation 

Year 

Capital Operating Capital Operating 

bates cere oh) (0) 57/3) ened Sea Se 
0. 60 .75 0. 60 
1.20 .75 1.20 
1.80 1.50 1.80 
3.00 2e25 3.00 
4,80 1.50 4.80 
6.00 715 6. 00 
G60) ees ee 6. 60 
6260) Re eee eee 6. 60 

TE HOMMRES Bare “Breese ees) 1. oO ae yes Oe 2 6160 FE arses: SE 6. 60 

DEN a a a ea 8.25 37. 20 8. 25 37. 20 

D. OCEANWIDE SURVEYS 

. The capital and operating costs for ships involved in surveys of the world 
ocean have been given in a previous section. However, it is estimated that 
substantial shore facilities are required for the purpose of evaluating the data 
eollected at sea. It is estimated that capital costs for shore facilities for each 
new survey ship will average about $0.75 million. It is further estimated that 
operating costs for shore facilities will amount to about $0.75 million per survey 
ship per year. 

(1) The committee recommends that for every new survey ship put into 
Operation an investment of about $0.75 million be made for essential shore 
facilities. 

(2) It is recommended that an average of $0.75 million be allocated each year 
ror the operation of shore facilities for each new survey ship placed in operation. 

. These costs should be divided between the Navy and the Coast and Geodetie 
Survey. The costs to each agency, by year, are given in table 9. Capital allo- 
cations are assigned to the year preceding the placing of a new survey ship 
into operation. 

- (3) Consideration should be given to conducting some aspects of the survey 
program through contracts with commercial organizations and private 
institutions. 
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Taste 9.—Capital and operating costs for shore facilities for survey work 

[Over and above present level in millions of 1958 dollars] 

Navy Coast and Geodetic Survey 
Year See eee ee 

Capital Operating Capital Operating 

EH. ENGINEERING NEEDS FOR OCEAN EXPLORATION 

(1) A vigorous program should be conducted for the development of manned 
submersibles that can operate down to and on the bottom of most of the ocean: 

(a) An improved bathyscaph, using the best materials and techniques 
available, should be designed and built immediately. 

(0) Following up the recent commendable ONR action in bringing the 
bathyscaph Trieste to the United States, it is recommended that funds be 
made available for a mother ship® together with auxiliary equipment in 
order to make maximum use of this deep submersible. 

(c) A continuous design and development program should be initiated 
aimed at building deep and middepth manned vehicles as the need arises 
and as the state of the art progresses. 

(2) The need for open-ocean manned research platforms which are stable, 
and which can remain in place so that time studies can be made, seems essen- 
tial, and the design for such a buoy should be started. 

(3) A major program should be supported aimed at developing and using 
anchored and drifting buoys for obtaining space and time coverage of ocean 
characteristics. 

(4) It seems likely that aircraft can be used effectively for some research 
and surveys on the open ocean, particularly for studies involving the joint 
problems of oceanography and meteorology. Nearly all laboratories will need 
single engine planes; several will need twin-engined amphibious planes; some 
will need four-engined commercial-type aircraft. 

(5) Surface icebreakers are of limited value to arctic oceanographic research 
compared to properly equipped submarines. Efforts should be made to develop 
a Submarine capable of breaking into and out of the ice. 

(6) Instruments should be developed for survey purposes which are more 
accurate, effective, and trouble free than those now in use. The techniques 
needed to use them more effectively should be developed. Specialized devices 
such as loran C, inertial navigation equipment, gravity meters, and stable plat- 
forms should be made available for research aS well as surveys as soon as 
possible. 

(7) A major program aimed at developing new high-seas engineering tech- 
niques should be started. Our abilities to handle heavy equipment and to con- 
duct such operations as drilling and bottom sampling at sea, limit our opera- 
tions at present. Many of these difficulties would be appreciably lessened 
given proper effort. We have not included the very important problem of drill- 
ing to the Mohorovicie discontinuity in our budget because another academy 
group is studying this problem. 

(8) Machine aids to computation and data storage have much to offer and 
should be budgeted. 

(9) High pressure facilities to permit controlled physical and hiological ex- 
periments in the laboratory are needed. 

6 This is listed in the section on new ships. 
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(10) Efforts should be made to secure the active participation of private in- 
dustry in the development and manufacture of new devices and instruments 
for oceanographic research and surveying. 

(11) The unpredictable aspects of new devices makes difficult the formula- 
tion of an exact budget over a 10-year time scale. The committee recommends 
that $48 million be allocated during the next 5 years. It further recommends 
that a minimum of $10.5 million be allocated each year thereafter. The cost 
of this program should be divided between the Bureaus of the Navy and the 
National Science Foundation. 

Budget breakdowns are given in tables 10 and 11. 

TABLE 10.—Estimated annual budget for engineering needs for ocean exploration 

{Millions of 1958 dollars] 

1960 1961 1962 1963 1964 

Meeprmannedovehicles= +=. 22-2262 boos be a 2.0 2.0 3.0 4.0 4.0 
aursemanned buoys ___-. cua ine. .3 2.0 1.3 .2 22 
Winmnanned*bubyssese. 2.2 eet .8 .8 -9 1.9 1.0 
PRARCRONyE = 2-1 eee A Oe AR LOE | 6 1.3 1.0 2.0 1.2 
Other specialized vehicles ________-_ 2.0 1.0 1.0 1.0 1.0 
Development of new instruments________-_-________- .6 ile) 12 1.5 1.8 
Qua Bees SA SEE RRR EA RS ial 1,2 1.2 i574 1.3 

Tia researc animes A pets Se 7.4 9.5 9.6 10.9 10.5 

TABLE 11.—Hstimated annual budgets for engineering needs for ocean exploration 
by agency 

[Millions of 1958 dollars] 

Navy National 
Year bureaus Science 

Foundation 

1S G0 Seer ees SR og er sheehyes ee. Fees Se ota TA ieee ces be eye 3. 70 3. 70 
TIE oo ee ee ee ee ee een ye ee ee eee 4.75 4.75 
HOG RE See Gee supra arte Teh ey ee coe pend lin TN SRE ee 4. 80 4. 80 
EO Gs eee ee Se i ee a es le ee a ae 5. 45 5.45 
TL ae eS ee AE Fae is Sees a a ea a ee ee 5.25 5225 
TOD is a a a See a eee RR Hees SRR eee De annus Ss” epee eee 5. 25 5. 25 
1G GG ennai nes re re ee eh Oe eee oe ee) Se ee Lee OS 5. 25 5. 25 
HOG ened See eka ht 8 hem be a semen al Lee deed 5. 25 5. 25 
GG Rien eninegte Macca, PT. Do yiviis ves 1 8 Se i Sa ee 5. 25 5. 25 
TRO. <n ote ge sabe eee tne belie ae ak Oe She es eed 5. 25 5. 25 

PRO GAIN E Sa Jahre Se Sos 3 2s Ae ie Sob eee ee he ele eee 50. 20 50. 20 

F. RADIOACTIVITY IN THE OCEANS 

The widespread use of nuclear energy for peaceful or military purposes neces- 
sitates studies to determine the effects of radioactive contamination upon the 
oceans and the life therein. The Committee on Effects of Atomic Radiation on 
Oceanography and Fisheries in its report to the National Academy of Sciences 
made certain general recommendations concerning national policy in this area. 
Both the Committee on Oceanography and the. Committee on Effects of Atomic 
Radiation on Oceanography and Fisheries believe that more specific and detailed 
recommendations can now be made. 

(1) A single agency should be given the overall responsibility and authority 
for regulating the introduction of radioactive materials in the oceans. Monitor- 
ing of disposal sites should be done by some agency other than the regulating 
agency. It is recommended that either the Coast and Geodetic Survey or the 
Public Health Service be made responsible for engineering studies in and near 
disposal areas, for routine monitoring of disposal areas and their surroundings, 
and for a continuing assessment of the effects on the environments of added 
radioactive materials. 

(2) Vigorous programs should be started for the purpose of determining the 
circulation and mixing processes which control the dispersion of introduced con- 
taminants in coastal and estuarine environments and in the open ocean. These 
studies represent the major part of the proposed budget in this area. 
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(3) A program should be pursued aimed at determining the inorganic trans- 
fer of radioactive elements from seawater to the sediments. i 

(4) Studies should be made of the effects of living organisms on the distribu- 
tion of radioactive elements introduced into the sea. 

(5) The genetic effects of radiation upon marine organisms should be studied. 
(6) A variety of biological field experiments should be conducted utilizing 

radioisotopes. 
(7) The proposed budgets for the programs are given in tables 12 and 13. 

The greater part of the program should be financed by the Atomic Hnergy Com- 
mission. 

TABLE 12.—Radioactivity in the oceans—Summary of budget estimates 

[Annual cost in 1958 dollars] 

Without Ship time Total 
ship time 

Controllandbmonitowin Gees ae ee ee CBORO) Jas ------- $370, 000 
HStuanineranGlcoastalest Gis aaa a ee 1, 920, 000 $880, 000 2, 800, 000 
iResearchuniopeniocean sh. 2222s ee ee ee eee 1, 000, 000 400, 000 1, 400, 000 
Sedimentation processes as sas ae ae ee 1 449, 000 35, 000 2 484 000 
i frectsvotthevbiospherek=2) ae 82232. a ee 678, 000 260, 000 938, 000 
Geneticretiects 2 ae be ee SE ee EE ears LOO O00) =e aeneneem 100, 000 
Biological field experiments__-__------------------------------- 1005000) | {= ee 100, 000 

otal, dstivears =o.) es ee 4, 617, 000 1, 575, 000 6, 192, 000 
Total, subsequent years 4, 432, 000 1, 575, 000 6, 007, 000 

About 14 is now underway. 
Net cost of new program: 

Tstreyiear ee oe hie Soe el See ln ee SE See 3, 078, 000 1, 050, 000 4, 128, 000 

Subsequent years. S224. 5 2s ee ee 2, 954, 000 1, 050, 000 4, 004, 000 
If 2 large open sea tests are conducted, 1 in 1962 and 1 in 1966, 

the additional costs in those years will be_-_----_----_----_- 1, 400, 000 600, 000 2, 000, 000 

Motalhinvthose, years. 2 seelo. 2 See, ee a eee 4, 354, 000 1, 650, 000 6, 004, 000 

1 $264,000 after 1st year. 
2 $299,000 after 1st year. 

TABLE 13.—Radioactivity in the oceans—Summary of budget estimates for new 
research 

[Millions of 1958 dollars] 

Year Cost without | Ship time Total 
ship time 

3. 08 11.05 4.18 
2595 11.05 4.00 
4,35 1.65 6.00 
2.95 1.05 4.00 
2.95 1.05 4.00 
2.95 1.05 4.00 
4.35 1. 65 6.00 
2. 95 1.05 4.00 
2.95 1.05 4.00 
2.95 1. 05 4.00 

32. 43 11.70 44.13 

1 Primarily through use of ships now in service. 

G. OCEAN RESOURCES 

Lack of adequate understanding of the occurrence, behavior, and potential 
harvest of fish and other marine organisms serves as a Serious barrier to exten- 
Sive economic development and utilization of marine biological resources. HEx- 
isting knowledge is inadequate to evaluate the feasibility of creating a marine 
mineral industry. 

(1) The sea and its contents should be studied on a broad basis to enlarge 
our knowledge of its potential resources. 
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(2) In order to elucidate the problem of population fluctuations of commer- 
cial fish stocks, which in large part is due to variable infant mortality, labora- 
tory studies of the survival requirements of larval and juvenile stages of 
commercially important fish and shellfish are needed urgently. 

(3) There is an urgent need for facilities for studies of fish behavior in the 
laboratory under controlled conditions. This will require aquarium facilities 
of sizable physical dimensions. 

(4) Greater attention should be given to studies of the genetics of fish and 
other marine organisms. 

(5) Investigations should be made of the feasibility of adding nutrients to 
the euphotic zone of the sea in order to increase the productivity of marine 
organisms. 

(6) A program to investigate the possibilities of transplanting useful or- 
ganisms from one region of the sea to another should be conducted. 

(7) More research is needed on the nature of the aggregations of organisms 
in the sea. 

(8) Biological surveys in the seas should be intensified and programs should 
be initiated, aimed at utilizing new devices such as unmanned buoys and the 
mesoscaph. 

(9) A data center for all oceanographic research should be established for 
the storage, routine processing and “read-out” of such information as sea sur- 
face temperatures, currents and meteorological data. This data center would 
not perform the functions of more specialized computing centers such as will 
be required for oceanographic forecasting. 

(10) There is a need for scientific, sociological and engineering studies di- 
rected toward the wider utilization of marine products in protein-deficient areas 
of the world. 

(11) There is a pressing need for studies of the economic and legal aspects of 
commercial fisheries, especially in comparison with other industries, in order to 
provide a basis for national policy decisions. 

(12) A scientific study of salt water fish pond culture should be started, 
aimed at providing a basis for greatly increasing the efficiency and productivity 
of this industry and thereby increasing the protein food supplies in protein- 
deficient areas such as southeast Asia. 

(13) Many aspects of the potential mineral resources on the deep sea floor 
should be investigated. Such work should be supported through the Bureau of 
Mines. 

(14) An expanded program of estuarine research is recommended in order that 
we can make most effective use of this habitat of important resident stocks of 
food fish and shellfish and the nursery areas for other stocks which are later 
harvested from the open ocean. 

(15) Many lines of marine research depend upon precise definition of species. 
The study of species is centered in research museums which generally have been 
supported very poorly. It is recommended that established museums having 
Significant study collections be given financial support so that this kind of work 
can be carried forward. 

(16) It is recommended that a program on diseases and other toxie effects in 
the marine environment be established. 

The proposed budgets for these recommendations are given in tables 14, 15, 
and 16. The mineral resources investigation should be sponsored by the Bureau 
of Mines with the balance being supported by the Bureau of Commercial Fish- 
eries through grants, contracts and in its own laboratories and with the assist- 
ance of other branches of the Department of the Interior. Programs involving 
international cooperation and technical assistance to other countries budgeted 
under this heading should be supported at least in part by the International 
Cooperation Administration and the State Department. 
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TABLE 14.—Capital costs for new ocean resources studies + 

[Millions of 1958 dollars] 

1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969 | Total 

Laboratory SuLViVAal Studies =_—5|)(0N50h|2222= 2 | Sees s | Pes | Se ees ees |e | eee eee 0. 50 
Fish behavior studies________-_-_|__---- 20 ee ee VSGO yl oe eel ee ea | 4.00 
Supplementary data collection___| .04 |------|------|------|------ O04. See aes 0.04 |_----- .12 
Unmanned buoy utilization ___-_|__-_-_ 20 | 0.20 S30) 1) O5Si0) |} 5600) |) 0560) eee | 2.00 
IMiesoscanimtilizahione ss 22s ee | anes | es Ree eee T. OO)! se bee | 202 = 2a) bees Jct ee | 1.00 
National Data Center_____------ QO yl sese Seale ok | ee | eas | ee pee a «25 
Disease and related studies____-_]----__|-----_]---_-_- 00! eee eee aaa oe o|o oe a | rr . 80 

Mortals: sept piss lercery cre t .79 | 2.30 | .20 | 3.00 | 1.30 54 | .50 |-_--__ 04s] 4-2 8. 67 
IMMA el NERO UNE hyena |) 410) jo lee eee eee ell Se See S| ei .10 

PMB @taltt 5 £8 Ses SE OA OL ESS S| RE LP EE | Ea | 8.77 

1 Does not include capital costs of ships, which will be found in the section on ““New Ships.” 

TABLE 15.—Operating costs for new resources studies * 

Laboratory survival studies_____ 
Fish behavior studies____________ 
Genetics of marine organisms____ 
Nutrient increase studies________ 
Organism transportation studies_ 
Organism distribution___________ 
Biological surveys___-------_____ 
Supplementary data collection__ 
Unmanned buoy utilization ____ 
Mesoscaph utilization___________ 
National Data Center__.. -______ 
Marine product utilization______ 
Economic and legal studies______ 
Pond fish culture____-.__--__-__- 
Estuarine studies______._________ 
‘Taxonomic development ________ 
Disease and related studies__ 
Special development fund_-__-__- 

Total for Bureau of Com- 
mercial Fisheries________ 

Mineral resource investigation 
(Bureau of Mines) _---___-_-___ 

1 Excluding ship operations. 

[Millions of 1958 dollars] 

1961 | 1962 | 1963 | 1964 | 1965 | 1966, 

0.24 | 0.24 | 0 
yt -48 

-20 | .20 
eel wel 2 
-05 | .05 
05 | .05 

1.80 | 1.80} 1 
1} .il 

1967 

. 24 | 0.24 | 0.24 | 0.24 | 0.24 
-48 | .95} .95 | .95| .95 
20; .20} .20}) .20] .20 
15} .15) .15}] .15] .15 
05) .05] .05} .05) .05 
05} .05] .05} .05) .05 
80 | 1.80 | 3.60 | 3.60 | 3.60 

ola Wb) 52e | oA 22 
.23 | .30] .30 
-64] 1.64) .64 
LON te Sailer 20) 

1.00 | 1.00 | 1.00 
-20} .20} .20 
-30] .30} .30 
-00 | .50} .380 

1.00 | 1.00 | 1.00 
20} .50} .50 
10; .10) .10 

1968 | 1969 | Total 

0.24 | 0.24] 2.16 
-95 | .95) 6.66 
-20} .20] 2.00 
15} .15) 1.41 
-05 | .05 . 50 
.05 | .05 . 50 

3.60 | 3.60 | 27.00 
.33 | .33 | 1.87 
30 30} 1.78 
. 64 64 | 3.20 
22 24) 1.61 

1.00 | 1.00 | 6.50 
. 20 20} 2.00 
- 30 30} 2.20 
- 80 80} 5.30 

1.00 | 1.00} 7.75 
00 50 | 2.60 
-10 10} 1.00 

10. 63 |10.65 | 76.04 

.25 | 2.50 

3.88 | 4.16 | 4.98 | 5.27 | 6.00 | 9.79 |10.18 |10. 50 

-25| .25} .25) .25] .25) .25) .25] .25) .25 

4.13 | 4.41 | 5.23 | 5.52 | 6.25 |10.04 |10.43 |10.75 {10.88 |10.90 | 78. 54 

TABLE 16.—Capital and operating costs for new resources research * 

Year 

Bureau of Commercial Bureau of Mines 
Fisheries 

Total 

Capital |Operating2} Capital Operating 

0. 79 3. 88 0. 10 0. 25 5. 02 
2. 30 AG ee ~25 6.71 

. 20 45983) Gis eas 225) 5. 43 
3. 00 5. 27 225 8. 52 
1.30 6. 00 . 25 7. 55 

. 54 9.79 225) 10. 58 
. 50 10. 18 . 25 10. 93 

PNAS oy she) 10. 50 25 10. 75 
. 04 10. 63 . 25 10. 92 

Pits, aia Bes 10. 65 0 45) 10. 90 

8. 67 76. 04 .10 2. 50 87.31 

1 Excluding ships and ship time. 
2 Programs involving international cooperation and technical assistance to other countries budgeted 

under this heading should be supported at least in part by the International Cooperation Administration 
and the State Department. 
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H. INTERNATIONAL COOPERATION 

It is clear that, as in other sciences, a very large part of the pioneering re- 
search and new ideas concerning the oceans must come from individual scientists 
or small groups working independently. But international cooperation in work 
at sea is essential in several kinds of marine research and should also greatly 
facilitate surveys of the ocean floor and of the waters. 

There is at present a high level of international cooperation among physical 
and chemical oceanographers of different countries resulting from the Inter- 
national Geophysical Year. This cooperation should be maintained and broad- 
ened throughout all aspects of the marine sciences, particularly including biology. 
To this end, the Committee recommends: 

(1) The United States through the National Science Foundation should give 
its proportionate share (amounting to perhaps $20,000 per year) of financial 
and other support to the Special Committee on Oceanic Research of the Inter- 
national Council of Scientific Unions. The Committee on Oceanography has 
been designated as the U.S. national committee for this long-range cooperative 

program. 
(2) Grants should be sought also from foundations and governmental sources: 

to support special projects such as the proposed yearlong international expedi- 
tion to the Indian Ocean by covering the increased expenses to U.S. oceano- 
graphic institutions and by making the participation of other countries possible. 
Special funds needed for the Indian Ocean project are estimated at about $2 

million. 
(3) An intergovernmental conference of the maritime countries should be 

ealled, after suitable preparation, to discuss means by which the governments 
can cooperate in increasing man’s knowledge of the oceans. Specifically, agree- 
ments should be sought regarding the means of carrying out oceanwide surveys, 
including allocation of responsibility to different countries, intercalibration of 
techniques, and free exchange of data. It would be expected that the U.S. pro- 
portion of this international responsibility for surveys would be about the same 
as its proportion of financial responsibility for support of United Nations agen- 
cies. This conference should be a first step toward the establishment of a 
World Oceanographic Organization; a United Nations specialized agency cor- 
responding to the World Meteorological Organization. 

(4) In the study and conservation of the living resources of the sea, regional 
international organizations, such as the various international fisheries commis- 
sions, have proven effective. 

In developing formal intergovernmental cooperation in the marine sciences, 
the Federal Government should give special emphasis to the establishment and 
adequate support of such regional organizations, and should seek to broaden 
their charter to allow an integrated research program on all aspects of a par- 
ticular oceanic region. 

(5) In order to increase the effectiveness of cooperation between U.S. marine 
scientists and laboratories and marine scientists in other countries, the U.S. 
State Department should be prepared to assist positively, sympathetically, and 
promptly in facilitating research ship operations and the exchange of infor- 
mation, persons, equipment, and supplies. 

(6) The need for increased protein foods from the sea is especially urgent 
in underdeveloped countries. The International Cooperation Administration 
in its programs of technical assistance should give greater emphasis to marine 
resources surveys and to research projects and training programs in the marine 
sciences. The Federal Government also should encourage United Nations 
specialized agencies such as UNESCO and FAO in their efforts to aid under- 
developed countries to achieve greater utilization of marine resources. The 
funds needed for both these purposes have not been budgeted separately in this. 
report but are included in the budget for ocean resources studies. 

I. BUDGET AND OPERATIONS 

The total recommended budget for the period 1960-70 broken down by cate- 
gory and agency is given in tables 17 and 18. It should be emphasized that 
although the budget includes the capital costs of ships involved in strictly mili- 
tary research and development, it does not include the other costs which are 
involved in such work. 
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Concerning the actual funding and operations, the committee recommends: 
(1) A higher percentage of longer term funding must be made available in 

Oceanographic research. Past funding has been inefficient, and has held back 
much longer term imaginative research. A reasonable portion (30 to 50 percent) 
of the annual operating budget should include 5-year money which is refreshed 
annually. Hxisting laws permit allocation of many funds on a 5-year basis. 
The military is accustomed to making long-term commitments of 5 to 10 years 
when they adopt a new weapons system and it is equally essential that they 
make long-term commitments for research. 

(2) Administrators of research and laboratory directors must have a higher 
percentage (25 to 50 percent) of their funding free to spend on those good re- 
search problems which emerge without the benefit of planning. 

(3) Government organizations which presently fund or carry on extensive 
research and development in oceanography should continue to do so in the field 
of their special interests. For example, the Navy, the Atomic Energy Commis- 
sion, and the Bureau of Commercial Fisheries all have their own important 
oceanographic problems. It is recommended that each bureau and organization 
sponsor and finance much of the research which it needs to meet the demands 
of its present and future objectives. Any duplication of effort which might be 
involved appears trivial compared to the value of insuring that scientists are 
in close touch with changing bureau problems. 

(4) There will still remain a need for a great deal of research which should 
be funded by the National Science Foundation. This agency should carry a 
much heavier portion of the long-term basic research in the Nation. A reason- 
able percentage of grants should be made to individuals and a reasonable portion 
should be allocated for long-term funding of institutional activities such as 
vehicles, facilities, and major expeditions. 

(5) Foundations, States, and industries should take an active part in the 
support of marine research. Their support is particularly valuable in new and 
unusual research programs, in filling technological gaps and through appropriate 
assistance insuring that private laboratories and academic groups do not be- 
come solely dependent on Federal assistance. 

TABLE 17.—Summary of budgets for new oceanographic activity * 

[Millions of 1958 dollars] 

Educa- Shore Shore Radio- 
Year tion and | Ships | facilities | facilities | New | activity?|Resources| Total 

man- (research)|(surveys)| devices | in oceans 
power 

LOG 0 eee ae eee 0. 80 39. 80 1.50 0. 76 7. 40 3. 08 5. 02 58. 36 
UC he ee ees . 80 40. 45 2.70 1. 52 9. 50 2.95 6. 71 64. 62: 
POGDME SOCEL we 2. SEC . 80 45. 3) 3. 90 3. 00 9. 66 4.35 §. 43 72. 88 
NGQSEE. as Joes ees . 80 35. 95 €. 60 4 59 10. 90 2.95 8. 52 70. 22 
LOG4 Soe eae eee . 80 33. 65 10. 50 6. 00 10. 50 2. 95 7. 55 71.95 
TOCSSE 492 SEL . 80 29. CO 12. 60 7. 50 10. 50 2.95 10. 58 73. 93 
WOGGT4E. hes. eee . 80 20. 55 13. 50 8. 26 10. 50 4.39 10. 93 68. 89 
LOGI Sen eee es . 80 10. 45 12. 20 8. 26 10. 50 2.95 10. 75 56. 91 
1968i22 =. eee . 80 10. 45 13. 20 8. 26 10. 50 2. 95 10. 92 47. 08 
LOGOS 322 cet es . 80 10. 45 12. 20 8. 26 10. 5¢ 2.95 10. $0 57. 06 

Po taluge = sae oe 8. 00 276. 05 90. 90 56. 32 100. 40 32. 43 87. 31 651. 41 

1 Not including special funds for basic research projects involving extensive international cooperation 
suci as the proposed year-long international expedition to the Indian Ocean (estimated cost: $2,000,000). 

2 Plus ship time charges of $11,700,000 to be subtracted from other categories. 
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TABLE 18.—Summary of budget for new oceanographic activity by agency* 

[Millions of 1958 dollars} 

Coast Bureau |Maritime] National | Office of | Atomic 
Year Navy 2 and of Com- | Admin- | Science Engi- Energy | Bureau Total 

Geodetic |} mercial | istration | Founda- | neering Com- | of Mines 
Survey | Fisheries tion mission 

Kelsi) See eee 28. 78 5. 83 7.97 5. 45 6. 40 0. 50 3. 08 0. 35 58. 36 
ial eee 28. 83 6. 09 13. 86 3. 80 8. 35 . 50 2.95 25 64. 63 
1962_...._. 30. 40 9.75 12. 83 1. 65 12. 65 . 50 4.35 25 72. 38 
1G63se se 33. 80 8. 70 12542) | 222 ace ee 11. 60 . 50 2.95 25 70. 62 
196g. . 2 2 35. 22 9. 30 NUS 75: || Paes 11. 98 . 50 2.95 25 71.95 
1965. 822— 2 32. 68 9. 20 aay (3 ee 13. 32 . 50 2.95 25 73. 93 
1966______- 27.45 9. 88 L2FB8u| sees Fe 14. 08 . 50 4.35 25 68. 89 
1O67ee 2 20. 36 6. 43 12:20) joe 14. 22 . 50 2.95 25 56. 91 
1968__.___- 20. 36 6. 43 OO Tale er none 14, 22 . 50 2.95 25 57.08 
1969S eee 20. 36 6. 48 125354 | ee eae te 14. 22 50 2.95 25 57. 06 

Total___| 3278. 24 378.04 | 4123.16 10.90 | 3121.04 5.00 5 32. 43 2. 60 651. 41 

1 Not including special funds for basic research projects involving extensive international cooperation such 
as the proposed year-long international expedition to the Indian Ocean (estimated cost: $2,000,000). 

2 Not including military research and development operations. 
3 Less payments by AEC totaling $11,700,000 for ship time. 
4 Includes recommended expenditures by the International Cooperation Administration and the State 

Department, for projects involving international cooperation and technical assistance to other countries, 
5 Plus $11,700,000 for ship time, averaging $1,170,000 per year. 
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Andreas Rechnitzer, the Navy Electronics Laboratory. 
Athelstan Spilhaus.* 
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Rear Adm. George Weaver (retired), George Washington University. 
R. F. Nigrelli (consultant), New York Zoological Society. 
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Richard L. Meier, University of Michigan. 
H. W. Menard, Scripps Institution of Oceanography. 
John R. Menke, Nuclear Development Corp. 
‘Milner B. Schaefer.’ 
Oscar E. Sette, Bureau of Commercial Fisheries. 
Robert G. Snider (Chairman), the Conservation Foundation. 
Lionel A. Walford, Bureau of Commercial Fisheries. 
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Columbus O’D. Iselin.” 
Fritz Koczy.* 
Roger Revelle? 
Milner B. Schaefer.” 
Athelstan Spilhaus (Chairman) .* 

1 Committee on Oceanography members. 
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Vv. PANEL ON RADIOACTIVITY IN THE OCEANS 

(This group continues to be active as the Committee on the Effects of Atomic 
Radiation on Oceanography and Fisheries of the National Academy of Sciences’ 
Study of the Biological Effects of Atomic Radiation. It responds to inquiries 
from but is not officially a part of the Committee on Oceanography. ) 
Howard Boroughs, Instituto Interamericano De Ciencias Agricolas. 
Dayton Carritt, the Johns Hopkins University. 
Walter Chipman, Bureau of Commercial Fisheries. 
Harmon Craig, Scripps Institution of Oceanography. 
Lauren Donaldson, University of Washington. 
Richard Fleming, University of Washington. 
Richard Foster, General Helectrie Co. 
Edward Goldberg, Scripps Institution of Oceanography. 
John Harley, U.S. Atomic Hnergy Commission. 
Bostwick Ketchum, Woods Hole Oceanographic Institution. 
Louis Krumholz, University of Louisville. 
Charles E. Renn, the Johns Hopkins University. 
Roger Revelle (Chairman) .* 
Milner B. Schaefer.* 
Allyn C. Vine, Woods Hole Oceanographic Institution. 
Lionel A. Walford, Bureau of Commercial Fisheries. 
Warren S. Wooster, Scripps Institution of Oceanography. 

Consultants 

Theodore R. Folsom, Scrippts Institution of Oceanography. 
Arnold Joseph, Atomic Hnergy Commission. 
Robert Reid, Texas A. & M. College. 
Donald Pritchard, the Johns Hopkins University. 

NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH COUNCIL 

The National Academy of Sciences-National Research Council is a private, 
nonprofit organization of scientists, dedicated to the furtherance of science and 

to its use for the general welfare. 
The Academy itself was established in 1863 under a congressional charter 

signed by President Lincoln. Hmpowered to provide for all activities appropriate 
to academies of science, it was also required by its charter to act aS an adviser 
to the Federal Government in scientific matters. This provision accounts for 
the close ties that have always existed between the Academy and the Government, 
although the Academy is not a governmental agency. 

The National Research Council was established by the Academy in 1916, at 
the request of President Wilson, to enable scientists generally to associate their 
efforts with those of the limited membership of the Academey in service to the 
Nation, to society, and to science at home and abroad: Members of the National 
Research Council receive their appointments from the president of the Academy. 
They include representatives nominated by the major scientific and technical 
societies, representatives of the Federal Government, and a number of members 
at large. In addition, several thousand scientists and engineers take part in 
the activities of the Research Council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contributions, grant, 
or contract, the Academy and its ReSearch Council thus work to stimulate 
research and its applications, to survey the broad possibilities of science, to 
promote effective utilization of the scientific and technical resources of the 
country, to serve the Government, and to further the general interests of science. 

The Cuairman. Do you have anything else, Dr. Brown? 
Mr. Brown. I have nothing further. 
The Cuarrman. I think of no further questions. We have covered 

it quite thoroughly here. We will have, I think, a very readable record 
which will contain justification for these suggestions. 

Of course, we run into the cost all the time, and the Bureau of the 
Budget, and the problem of how much we can afford. I think Con- 

1 Committee on Oceanography members. 
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gress has done a pretty good job in the past 8 or 9 years of being alert 
to this whole scientific problem. I think much more than they ever 
were before, and we have gone along in other fields to an extent 
greater than I ever thought we would 10 years ago. 

I hope in this field we will feel the same way about it, so that we 
can get going, as it were. 

I want to thank all of you people for coming here. You have given 
your own valuable time and I know this is of deep interest to you, 
as itis to us. I again apologize for the seeming moving in and out, 
but this is a busy season around here. All the Senators were not 
here at different times.» They were here sometimes. That doesn’t 
mean they won’t read this whole thing. They have a real interest in it. 

I think our real problem now is the justification and the cost. Surely 
the witnesses here up to date have, I think, put in the record and have 
given to us testimony as much as they can on why they think this cost 
would be justified over this so-called 10-year period. 

Mr. Brown. Before I leave, may I introduce for the record a very 
brief statement by Professor Revelle on the international relations 
aspect. 

(The document referred to follows :) 

STATEMENT BY ROGER R. REVELLE 

The oceans belong to no man and no nation, yet they are of vital importance 
to all men and all nations, not only because of their human and scientific interest, 
but because of their effect on weather and climate and the resources for human 
welfare they contain. The seas are vast, yet their waters are all interrelated ; 
what happens at any one place on the oceans affects the waters everywhere. 

No one nation can find out unaided all that it needs to know then about the 
oceans. International cooperation in the study of the seas is essential, just as 
it has proven essential in studying the atmosphere and the stars. The United 
States has an unparalleled opportunity to exert world scientific leadership in 
developing this cooperation. Both before and during the International Geo- 
physical Year, American oceanographers played an important role as scientists 
in planning and carrying out the initial steps in international cooperative oceanog- 
raphy. They were backed with funds appropriated for the IGY by Congress. 
New opportunities are now arising and these will also require funding. To 
prepare for these opportunities, action by Government agencies is now needed. 

An intergovernmental conference has been called by UNESCO for next July 
in Copenhagen. At this conference it is hoped that interested governments 
will be able to work out ways in which they can cooperate effectively in charting 
the floor of the sea, measuring its properties, and the movements of its waters, 
and in surveying the seas’ living resources. I recently attended the preparatory 
meeting for this conference in Paris as one of four U.S. delegates. Representa- 
tives of 25 nations were present, including a 4-man Russian delegation. It was 
evident that the U.S.S.R. is determined to push very hard on their share of any 
international program that may be decided upon at Copenhagen. But it also 
appeared that they would be willing to exchange a great deal of the data to be 
obtained and to work cooperatively in planning surveys and intercalibrating 
instruments. 

One very important ocean where our knowledge is almost negligibly small 
and our ultimate U.S. interests are large is the Indian Ocean. There under 
the leadership of the Special Committee on Oceanic Research of the Interna- 
tional Council of Scientific Unions, a real possibility exists of obtaining a 
rich store of knowledge by pooling the activities of many different countries 
in a multiship, 3-year long, International Indian Ocean Expedition. We expect 
that Australia, Japan, Pakistan, India, South Africa, the United Kingdom, 
France, and the U.S.S.R. will all play an active part in this program. U.S. 
oceanographers believe that they could send at least four ships into the In- 
dian Ocean as part of this program provided support becomes ayailable. For 
this “little IGY” a special appropriation of perhaps $4 million may be necessary. 
Many countries are turning to the sea as they look to the future, and well 

55401—60 8 
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they might in the face of burgeoning populations and rapidly increasing con- 
sumption of food, materials, and energy. Our own population and our own 
needs are increasing. For investment purposes alone the effort and funds needed 
(as outlined in our report) to further develop our Nation’s capability in the 
marine sciences is a small price to pay to see to it that our children and 
their children can claim and make effective use of the store of food and ma- 
terials that are waiting in the seas. And this investment will pay immediate 
dividends in greater effectiveness for our naval forces, in increased efficiency 
of our merchant marine, in international good will, and in new scientific 
understanding. 

The Cuairman. We will leave the record open for any additions 
and changes. There are a lot of people I know in your group who 
would have liked to have been here and testified but who could not 
and they might want to add something. 

In about 3 weeks we will have the record, and it will be available to 
you and others who are interested. I think it is going to be a very 
valuable compilation of this whole field of research to everyone, par- 
ticularly to lay persons. 

After we get the record printed the committee will probably meet 
and discuss amendments to the bill, or suggestions, and see if it can- 
not be passed out on the floor and get it moving. Time is running 
out on usa bit. The session is moving toward a close, if we are to quit 
to go about our other business in July. 

However, I wouldn’t be discouraged, if this shouldn’t happen to 
pass in this session of Congress. The wheels up here grind slowly. 
The 5 or 6 months until we come back again isn’t going to make a 
great difference if we get the program through then. 
We are laying a lot of foundation for this program, and have a 

lot of things behind us. 
Are there any questions? 
Senator Enerez. I have no questions. 
I would like to compliment Dr. Brown and his committee on the 

very excellent work they have done and the contribution you have 
made to the public interest in the long sessions you have had. [I at- 
tended one of those, and I know you worked diligently and hard on 
these problems. This report is a carefully considered one, and one in 
which you have given a great deal of time and attention to details 
and to practical and minimum things that should be done to help in 
this field. 

It does constitute the minimum we ought to do, and I hope we can 
proceed to get on with it. The country owes you and your associates 
a great debt of gratitude. 

Mr. Brown. Thank you. 
The Cuarrman. The Senator from Texas. 
Senator Yarsoroucu. I take it, Dr. Brown, you think these recom- 

mendations make up the minimum program that should be undertaken 
rather than the maximum to be scaled down ? 

Mr. Brown. Right. 
Senator Yarsoroucu. I agree with you that I think we should start 

with this as a minimum program and not, as it is rumored, that some 
bills are introduced with a large figure with the idea that they will 
be scaled down. 

I think this is a minimum figure and shouldn’t be scaled down any. 
Mr. Brown. We tried to be as realistic as we could. . 
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Senator Yarsoroven. I take it you feel this is something like in- 
vesting in sweetpotatoes. 

You make a little slit in the ground and you take out a great deal 
in comparison to what you put in the soil. 

The Cuatrman. You are talking about Texas soil, no doubt. 
Senator YarsoroucH. I would like to say this, Mr. Chairman: I 

want to thank this committee for its work and to ratify what the 
chairman has said, that our attendance is no evidence of lack of in- 
terest by the members of this committee. I am very much interested 
in this subject. Yesterday we had six different committees meeting 
at one time and only two of them were marking up bills, and we had 
to go where the money was being allocated on those matters. 

I think the chairman is due a debt of gratitude by the rest of us of 
the committee to assure these hearings going on. 
Under our Senate procedures, when this bill is considered, the minute 

this bill comes up a printed copy of all this testimony is placed on 
the right-hand corner of everybody’s desk. You can reach down and 
get it without having to look at where it is. It will be introduced 
chronologically by the days you testified and indexed alphabetically 
by your name. 

So if some Senator was in here for a couple of hours and he heard 
certain testimony, he can turn to a given day and find what he wants, 
even though he doesn’t remember the day the witness testified. 

With our system of indexing these records, none of your testimony 
will be lost and those presenting the bill, if any question is raised, the 
committee staff will have it indexed page by page. They will hand it 
to Senator Magnuson, who will present the bill and all this testimony 
is valuable. It may be invaluable at any point in the debate, but I 
did want to point out that under our Senate procedures every bit of 
this testimony is there and generally in a bill of this importance it is 
used on the floor of the Senate before the bill is passed. 

I want to thank you for your patience and assure you that there 
is no senatorial indifference. 

The Cuarrman. Now, do you want to look at these slides for 15 
minutes? We will have to turn the lights off. 

STATEMENT OF COMMANDER WILBUR, U.S. NAVY, OFFICE OF 

CHIEF OF NAVAL OPERATIONS 

Commander Wirsur. I am Comdr. C. C. Wilbur with the Office, 
Chief of Naval Operations, presently attached to the progress analysis. 
I previously served primarily 12 years in submarines, having had 
command of two of them and more recently having had command of a 
destroyer which probably is the most interesting part of generating 
an interest in oceanography. I consider it a particular honor to be 
here today with our presentation on the conquest of inner space and I 
want to thank Mr. Markel and the members of the Coordinating Com- 
mittee on Oceanography for their interest and support. 

Now, one thing I would like to clarify a little bit : 
' This is an educational slide presentation for Naval Research per- 

sonnel. We have it out in the field. It is available by request by 
interested civic groups and high schools which may support some of 
the educational aspects that you are concerned about. 
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The Cuatrman. All right. 
Commander Wiizevr. Slide No. 1. Galaxy: If you were to observe 

our solar system from a vantage point in outer space, you would see 
a colorful parade of the planets. 

Slide No. 2. Planets: You would see Venus, surrounded by her green 
clouds of gas. You would see Saturn’s rings, Jupiter’s moon and 
the reddish crust of Mars. 

Slide No. 3. Earth: But if you focus your attention on the planet 
Earth, you would be immediately struck with the fact that Earth dif- 
fers from all other planets. Three-fourths of its surface is covered by 
water. We would then clearly understand why Earth is called the 
“water planet.” It is equally obvious that such an expanse of ocean 
must play a major part in life on this planet. 

Slide No. 4. Title slide: The “Conquest of Inner Space” may well 
be the key to the future welfare, and possibly even the continued ex- 
istence of mankind. And, to date we have less information about this 
vital area than we have of the surface of the Moon. The world’s 
oceans have truly guarded their secrets more jealously than outer 
space. 
 Siitie No. 5. SNN Around the World: Today’s Nauttlus—the 
world’s first true submarine—has given us great freedom of movement 
throughout the inner space—the oceans which cover most of the earth’s 
surface. It has reemphasized how little we know about the vast hid- 
den world beneath the seas. 

Slide No. 6. Land, Shelf, Bottom: To date, we have explored most 
of the earth above these oceans and seas—but, know very little of what 
lies beneath the surface of the water, 324 million cubic miles in 
volume. 

Tt is therefore most important at this point in our Nation’s history 
that we take a new and searching look at this inner space, the world 
beneath the seas. 

This examination is necessary to determine how the Navy and the 
Nation can better prosecute and obtain additional support for their 
vital oceanographic research programs. 

Let us first take a look at some of the characteristics of the sea that 
we already know. 

Slide No. 7. Mountains and Valleys: We know that shrouded in the 
darkness of the oceans lie mountain ranges whose peaks rival Mount 
Everest in height—trenches whose dark depths plunge 7 miles beneath 
the surface. We also know of subsurface currents—virtually rivers in. 
the depths of the sea—1,200 times greater in size than the Mississippi. 

Slide No. 8. Sonar Mapping: But only in recent years have we had 
the tools with which to determine with accuracy the contours of the 
bottom of the seas and even with these, it is ike mapping the Grand 
Canyon blindfolded. By bouncing sound waves off the ocean floor— 
and recording the echoes—some of the many mysteries of the ocean 
depths began to reveal themselves. 

Slide No. 9. Three Levels of Ocean: The general undersea topog- 
raphy is already well established. It falls into three widely different 
geographical areas. The Continental Shelf, shown by the yellow 
arrow—the continued slope, red arrow—and the floor of the sea, blue 
arrow. 

Slide No. 10. Continental Shelf: The Continental Shelf is the area 
most resembling land, with sunlight: penetrating most of its extent. 
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It is rich in plant and fish life and other resources. The shelf begins 
at the coastline and extends seaward in gentle sloping plains. 

Slide No. 11. Continental Slope: Once beyond the edge of the shelf, 
the steeper Continental Slope begins—with its gathering darkness, 
growing pressure, and the absence of all forms of plantlife. These 
slopes are the most imposing features of the surface of the earth, in- 
terlaced with submerged canyons, in some places reaching the impres- 
sive depths of over 36,000 feet. 

Slide No. 12. Bottom Sediment: The floors of the deep ocean basins 
are probably as old as the sea itself. Here in the eternal cold and 
darkness lie the undersea mountain ranges and the strange, flat-topped 
sea mounts. Underlying the ocean bottoms are a number of sedimen- 
tary layers, averaging one-half mile in depth—the product of a bil- 
hon years of deposits of debris. 

Slide No. 13. Waves: Although the sea is impressive from a stand- 
point of sheer size and depth, an even more impressive characteristic 
is the constant motion of the sea in the form of waves, tides, and cur- 
rents. Most waves are a result of the action of wind on water. 

Slide No. 13A. Breakers: The force of waves is almost incredible. 
It is estimated that a 12-foot wave strikes with a force of 118 tons for 
every foot of its width. 

Slide No. 14: Tides, Sun, Moon, Earth: Tides are another form of 
mass movement of the oceans. There is no drop of water in the ocean, 
not even on the deepest ocean floor, that does not respond to the forces 
that create the tides. No other force which affects the sea is so strong. 
Tides are the natural result of the gravitational pull of the Sun and 
the Moon. 

Slide No. 15. Global Thermostat: Because water is unique in its 
heat transfer characteristics, the oceans act as a global thermostat. 
They keep temperatures within limits which can support life. They 
regulate the world’s climate and weather. 

Slide No. 16. Ocean Currents: By redistributing heat received from 
the Sun, ocean currents are a major factor which tend to make up for 
the uneven heating of the globe. 

The currents are literally rivers in the sea—some with a volume of 
flow that makes the Amazon a meadow brook by comparison. 

Slide No. 17. Gulf Stream: Perhaps the best known example is the 
Gulf Stream which keeps Great Britain 35° warmer than would be 
normally expected at her latitude. 

This current, 40 miles wide and 3,000 feet deep, moves more than 
50 miles a day up the coast of Florida toward Cape Hatteras where 
it turns eastward toward Europe and then divides into several 
branches. One branch moderates the climate of northern Europe 
turning around North Cape to give Russia its ice free Murmansk 
coast. Another branch turns toward Africa and the Azores then 
westward across the Atlantic. 

Slide No. 18. Humboldt Current: In contrast to the warm Gulf 
Stream is the cold Humboldt Current, which flows up the west coast 
of South America. As a result of this cold current less than 1 inch 
of rain per year falls on the arid western coast. For no apparent 
reason, a small shift in the course of the Humboldt Current occurs 
about once every 10 years and brings disaster in the form of torrential 
rain and floods. 
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Slide No. 19. Storm damage: A large number of buildings on Peru’s 
west coast are destroyed and many lives are lost in the sudden deluge 
of tropical rains. This is a classic example of the results of a minor 
shift in the equilibrium of the ocean circulation. | 

The effect of the oceans on mankind are by no means confined to the 
temperature and climate. 

Slide No. 20. Trade routes: We all know that for centuries the 
oceans have provided the high roads of commerce and colonization— 
they are largely responsible for the political complexion of our planet. 
With the advent of the true submarine, a third and virtually unlimited 
dimension of sea travel under the ocean was opened—and we entered 
a, new era. 

Slide No. 21. Ocean bottom: Within the depths of oceans lie many 
of the answers to our future welfare. This is an actual photograph 
of the deep sea floor. Let us now look at the implications of this 
element from a scientific, economic, and military point of view. 

Slide No. 22. Scientific knowledge: First, from the scientific view- 
point—we find that the ocean is a storehouse of scientific knowledge. 
A storehouse whose contents are only partially known to man. 

Slide No. 23. Oceanographer: The scientist of the seas, the oceanog- 
rapher, is the modern scientific explorer of the last frontier on this 
planet. Results of his explorations may prove to be vital to the con- 
tinued existence of man. 

Slide No. 24. 70 percent water: The realm of the oceanographer is 
the vast hidden world beneath the surface of the seas. It has a volume 
14 times greater than the volume of all land above sea level. To 
date only a small portion of this area beneath the sea is known to 
man. 

The U.S. Navy, long a pioneer in the study of oceanography, is sup- 
porting, in whole or in part, some of the more advanced programs of 
today’s scientific efforts. 

Slide No. 25. Ocean tower: Off San Diego, Calif., the Navy Elec- 
tronics Laboratory has constructed this ocean tower to study the 
marine life and the dynamics and physical properties of the water in 
our Continental Shelf area. While the results are of primary inter- 
est to the Navy from a military standpoint, these results—as in all 
basic scientific research—are useful to scientists in all fields. 

Slide No. 26. SCUBA: With the use of SCUBA, a self-contained 
underwater breathing apparatus, U.S. Navy scientists and divers 
have gone to depths of 300 feet. It has permitted firsthand examina- 
tions of areas previously made only by instruments. 

Slide No. 27. Two-man sub: New vehicles for underwater explora- 
tion are being developed. This two-man submarine is used by the 
Navy Electronics Laboratory to explore costal waters. It is able 
= penetrate deeper and cover a larger area than SCUBA equipped 
ivers. 
Slide No. 28. Underwater TV: The self-propelled, wire-guided 

underwater television camera is coming into use for both scientific 
and military application. It will be used to explore the floor of the 
Continental Shelf areas and to detect the presence of mines, sub- 
marines, and other objects beneath the surface. This vehicle will 
be equipped to obtain bottom samples and recover submerged objects— 
such as missile nose cones, torpedoes, etc. 
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Slide No. 29. Bathyscaph 7'rieste: In August of 1958, the Navy 
procured the bathyscaph, 7'7ieste, to assist in the study of the areas 
of the ocean previously inaccessible to man. Navy oceanographers 
hold the world’s record in their recent descent to 35,800 feet in the 
Marianas Trench off Guam. The 7’7ieste looks and acts like an 
underwater blimp. The upper tank—like the gas bag—is for buoy- 
ancy. The lower sphere—or gondola—containing the crew, is con- 
structed of heavy steel to withstand the pressures of the ocean depth. 

Slide No. 30. Mohole: The Navy is also assisting in the Mohole proj- 
ect—a project for drilling a hole 5 miles through the ocean floor to 
the boundary between the earth’s crust and the underlying mantle of 
extremely dense dock. The U.S. National Academy of Sciences, 
which is backing this project, has four drilling areas under con- 
sideration. Initial explorations are being conducted in the vicinity 
of Bermuda—one of the areas where the earth’s crust is believed to be 
the thinnest. Wherever it is sunk, the Mohole will give scientists. a 
better idea of the structure of the earth and a priceless record of 
sediments that have settled since the earth was young. 

Let us now consider the second major reason for exploring the fron- 
tier of the seas—and this is one which touches us all—that of eco- 
nomics. 

Slide No. 31. Population: Our world is facing an explosive in- 
crease in its population with a daily increase of over 100,000 human 
beings. Even today, 70 percent of the world’s population is under- 
nourished. To support this increasing population, we must make 
every effort to discover new sources of food and minerals. 

Slide No. 32. Fish: The sea is presently supplying only a small 
percent of its potential food harvest. Although 35 million tons of 
fish in various forms are taken annually, this might well be increased 
10 times or more. 

Slide No. 83. Diatoms: Challenging and more visionary is the pos- 
sibility of harvesting minute plants and creatures of the sea—for 
example, the mass cultivation of sea water algae for foodstuff. 

This is not as farfetched as it sounds. Japanese scientists have 
already prepared algae bread, algae noodles, algae soup, and algae 
ice cream. ‘Those who ate these algae foods found them palatable— 
even delicious. 

Slide No. 34. Minerals: The sea is also rich in minerals—in fact, 
oceanic waters contain more minerals than have been mined by man 
in all history. Each cubic mile of sea water contains 18 million tons 
of dissolved salts of sodium, potassium, calcium, bromine, and phos- 
horus. 

r There is enough gold in the sea to make every inhabitant of the 
world a millionaire. 

In addition, on the floor of the deep seas—in the form of nodules— 
lie deposits of cobalt, copper, nickel, iron, and manganese. 

Slide No. 35. Oil wells: As each day passes, our world requires 
more fuel to produce energy. 

Offshore—under the sea on the Continental Shelves—lies 40 percent 
of the world’s known petroleum—20 billion barrels of it. 

As commercial atomic power becomes a practical reality, the world’s 
oceans offer a promising fuel source. Sea water is a source of both 
uranium for fission-produced power and deuterium or heavy hydrogen 
for thermonuclear power. 
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Slide No. 36. Missile launching sub: The third major reason for 
exploring this new frontier is a military one. Emphasizing the 
urgency in this area, a report of the National Academy of Sciences 
states— 

from the point of view of military operations there is no comparison between 
the urgencies of the problems of the oceans, and those of outer space. The 
submarine, armed with long-range missiles is probably the most potent weapon 
system threatening our security today. It seems clear that the pressures of 
establishing effective bases and of protecting ourselves from attack are relent- 
lessly driving us into the oceans. 

Slide No. 37. Nautilus: The submarine Nautilus marked the 
beginning of a tactical revolution at sea. Because of the fantastic 
ability of the modern, nuclear submarine, both submarine and anti- 
submarine tactics are being completely rewritten. 

With these new capabilities, also come new problems, both in making 
our own submarines completely effective, and in defending against 
Peed types which we may expect the enemy to possess in the near 
uture. 
Slide No. 38. Sub in sea depth: The world beneath the sea is the 

operating area of the true submarine. Information about this en- 
vironment, previously of little consequence to surface ships and air- 
craft, assumes tremendous importance to the submariner. Although 
the seas cover three-fourths of the surface of the earth, less than 1 
percent of the deep sea floor has been mapped with any degree of relia- 
bility. 

The tasks of navigating a submarine at high speed and deep sub- 
mergence without accurate bottom information can be compared with 
driving a 10-ton truck on the freeway blindfolded. 

Slide No. 39. U.S.S.R. sub: On the other side of the coin, we must 
be able to defend our cities and our merchant convoys against the 
threat of the world’s largest submarine fleet. Current estimates of 
Soviet submarine strength run from four to five hundred. They are 
rapidly replacing the older units with modern ones. It is reasonable 
to assume that a number of these new submarines will be equipped 
with long-range ballistic missiles. 

Slide No, 40. Submerged submarine: The problem of locating and 
identifying enemy submarines at distances beyond the effective range 
of their weapons is a difficult one. To date the most effective means 
of locating and identifying submerged targets is by use of sound 
techniques, called sonar. These techniques involve echo ranging, that 
is, bouncing a sound beam off a submerged target, or, listening to the 
noises made by the target. 

Slide No. 41. Thermal layer: But in water, sound transmission 
varies with changes in the temperature, density and salt content of 
the water. Temperature differences between water layers present the 
most critical problem, for the sound beam is reflected or refracted 
to a varying degree. 

Slide No. 42. Steamship and whale: Once a submerged object has 
been detected by the sonar beam, the problem becomes one of identi- 
fication—is it a whale? School of fish? Friendly surface ship? Or 
enemy submarine? All give sonar reflections. 

Slide No. 48. Sea noises: In addition, when we listen for target 
noises we discover that the ocean which has been characterized as a 
“silent world” is, in fact, anything but. Actually the ocean is a “liquid 
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jungle.” Survival depends upon how well we know this environment, 
and whether, like Tarzan, we can tell the friendly sounds from the 
unfriendly ones—the monkeys from the tigers. 

Slide No, 44. ASW team: Victory or defeat in future wars may 
well hinge wpon superior knowledge of the seas. One of the vital 
supporting elements of seapower is oceanographic research. Through 
this research the Navy will be in a better position to perform its mis- 
sions under—on—and over the sea. 

Our scientific, economic and military future may well be locked in 
the world’s oceans. The key to this future lies in study and research 
in the vast ocean areas. 

Slide No. 45. Oceanographer on ship: Although our small corps of 
oceanographers and supporting scientists have made a good start on an 
effective oceanographic research program—“making do” with existin 
equipment—there is an urgent requirement for new equipment an 
modern facilities. 
We need new ships, laboratories, and engineering facilities plus 

trained manpower. 
Slide No, 46. Three Scientists: Manpower is critical. In support 

of each scientist at sea, three or four scientists and technicians in labo- 
ratories ashore are needed to develop new theories, extract and inter- 
pret data, and design new instrumentation. 

Slide No. 47. United States vs. U.S.S.R.: Today we trail the Soviets 
im numbers, tonnage, and quality of seagoing research ships; we also 
trail in manpower devoted to the job of exploring the seas; and prob- 
ably in supporting facilities of all kinds. 

Slide No. 48. Research Ships: The United States—the richest 
country in the world—has only 45 research ships scattered among 
civilian, military, fishery, and geodetic activities; while the Soviets 
have a modern armada of more than 100 ships. 

Slide No. 49. Soviet Research Ship: Many of their ships are quite 
large, displacing up to 6,000 tons. Unlike ours, their ships have been 
designed from the keel up for research and specialized scientific 
undertakings. 

Urgently needed, then, is a clear-cut, long-range program designed 
to regain our country’s lost leadership in the exploration of inner 
space. This program must give our Navy, our oceanographic institu- 
eee and our universities the type of support that they so urgently 
heed. 

Slide No. 50. Ten-Year Program: Fortunately, we have such a plan 
in the report of the Committee on Oceanography of the National 
Academy of Sciences—National Research Council. 

In support of this national program, the Navy has developed its 
own 10-year program. The Navy’s program, in coordination with 
other governmental agencies, calls for increased emphasis in the fol- 
lowing areas: 

Slide No. 51. Woman in Lab: Basic and applied research. The 
Navy is expanding its support of both of these two types of research. 
They go hand in hand. Through basic research we obtain funda- 
mental knowledge—without thought of specific application. The suc- 
cess of applied research, however, depends upon this fundamental 
knowledge. 

Slide No. 52. NEL: The Navy program calls for more new labora- 
tory facilities—and financial support for the education of future oce- 
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anographers. Increased emphasis in both are basic to an expanding 
oceanographic program. 

Slide No. 58. Oceanographic Research Ships and Equipment: In- 
creased procurement is being programed progressively over the next 
10 years. This is necessary to amass the tremendous amount of data 
necessary, particularly for anticipated military needs. 

Slide No. 54. Futurama: The future possibilities of the oceans are 
limited only by the imagination, awaiting exploitation by men of 
vision. 

The major development in the case of almost every science has been 
the result of a breakthrough in the iron curtain of ignorance. And it 
has come only by the combined efforts of many individuals in all 
walks of life, working together in a common cause. In the case of 
oceanography, the breakthrough is still ahead. How far ahead is 
dependent not only on the amount of research conducted, but on the 
public interest shown in each step forward. There are unheard-of 
opportunities in this fascinating new science. Those of us here today, 
may or may not have a direct connection with the breakthrough in 
oceanography, but by our interest, support, and knowledge, we will 
play an increasingly important part. 

Slide No. 55. Trident of Neptune: The United States is part of an 
island continent. Its safety and future greatness depend upon our 
understanding and control of the sea. A brave beginning has cer- 
tainly been made. But it is most important that the oceanographic 
pee oe: of the Navy and the Nation be continued on an expanding 
ASIS. 
This will require the understanding and support of each of us as 

responsible American citizens. 
Thank you, sir. 
The Cuarrman. Thank you, Commander. 
Again the committee thanks all of you for your contribution here to 

us in this whole field. 
(Whereupon, at 11 :50 a. m., the committee recessed.) 
(The following was subsequently submitted for the record by Dr. 

Harrison Brown, Chairman of the Committee on Oceanography :) 

COMMITTEE ON OCEANOGRAPHY COMMENT ON A NATIONAL OCEANOGRAPHIC 
RECORDS CENTER 

In chapter 3, Ocean Resources, of the Committee on Oceanography report, 
1960 to 1970, the need for a National Oceanographic Records Center is discussed. 
Two pertinent paragraphs from this chapter read as follows: 

“The most economical method for establishing the National Oceanographic 
Records Center would be to add it to an existing expandable facility in a Federal 
bureau concerned with technical and scientific matters, and with an interest in 
sea studies. Such a group should have both a tradition for performing public 
services and the competence and experience to handle large quantities of tech- 
nical data. ; 

“The U.S. Coast and Geodetic Survey and the U.S. Weather Bureau, both of 
which are in the Department of Commerce, most nearly meet these criteria. 
The former has the more direct interest in the sea; the latter has the greater 
facilities for mass processing of data. The U.S. Hydrographic Office also is con- 
cerned with technical and scientific matters; and it has even more widespread 
interest in oceanography, but it serves Navy needs primarily and civilian needs 
secondarily. All three collect, preserve, and disseminate certain types of 
oceanographic data. The panel considers that the National Oceanographic Rec- 
ords Center’s function would be primarily to serve the public and that it should 
reside in a civilian agency in order to render this service effectively.” 
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Recently a plan to establish such a center at Suitland, Md., physically adjacent 
to the U.S. Hydrographic Office but financed and administered cooperatively by 
the Navy, the Coast and Geodetic Survey, the Bureau of Commercial Fisheries, 
the Atomic Energy Commission, and the National Science Foundation has been 
proposed. In our opinion, such a center could meet the main objectives outlined 
in the preceding paragraph, that is, service to the public, and avoid unnecessary 
duplication of facilities. Accordingly our chapter 4, Defense Applications, (soon 
to be published) states: 

“The U.S. Navy Hydrographic Office has accumulated what is perhaps the 
world’s largest collection of hydrographic data. The Office provides many im- 
portant services to the Navy and on a low priority basis to civilian agencies and 
institutions. We believe that by emphasizing the development of oceanographic 
forecasting techniques, by participation in systematic oceanographic and hydro- 
graphic survey programs and through the development of an expanded data 
facility (cooperatively managed and financed by the Navy, the Coast and 
Geodetic Survey, the Bureau of Commercial Fisheries and the National Science 
Foundation) the contribution which this Office could make to naval, national, 
international, and scientific interests would be greatly enhanced. We heartily 
endorse and encourage the steps which are being taken in this direction.” 

HARRISON BROWN, 
Chairman, Committee on Oceanography. 

(The following statement was submitted for the record :) 

STATEMENT OF Dr. CHARLES M. Proctor, BELLEVUE, WASH. 

I am pleased to have been invited to submit a statement in connection with 
the hearings on S. 2692 for the support of marine sciences. The views presented 
here are my Own, as an oceanographer, and are not a statement of views or 
policies of the Boeing Airplane Co. where I am employed. 

The NAS-NRC Committee on Oceanography has presented a comprehensive, 
10-year program for expanded research in the ocean and connecting waters at 
an estimated cost of $65 million per year. This estimate is based on current 
prices and it is hoped that the probability of rising costs will be considered 
when a final, long-term budget is prepared by the Congress. 

The major goal of an expanded program of marine research should be to 
attain a better understanding of the aqueous portion of our planet, without 
regard for financial return. It is inevitable, however, that any significant ex- 
tension of knowledge of the sea will be of direct and often immediate benefit to 
fisheries, coastal and offshore engineering, weather and climatological fore- 
easting, shipping, naval operations, and other marine activities. 

If, for example, we assume that the results of this program were to indirectly 
increase the effectiveness of our submarine fleet by only 5 percent (this is surely 
a very conservative figure), then this entire proposed expenditure for research 
would yield as great a return in fleet effectiveness as a Similar amount spent 
for new construction alone. This increased effectiveness would also be realized 
in lower requirements for personnel and support functions. 
Among the major needs of oceanography in the United States are: 
1. Efficient ships, with adequate operating budgets. 
2. Reliable, sensitive instruments for in situ measurements and improved 

Sampling devices. 
3. Data recording, reduction, and processing systems which are compatible 

with the instruments and with modern computers. 
4. Additional shore facilities including well equipped research laboratories. 
5. An expanded program of academic grants that will attract many more 

graduate students of high caliber into the marine sciences. 
The sole purpose of the ships, instruments, sampling devices, and laboratories 

is to provide the oceanographer with a description of the environment and to 
provide data with which to test his theories and to predict the future state of 
the. oceans. The goal is thus to make observations and reduce them to usable 
form in the most expeditious manner. In the realm of physical measurements 
particularly, it is now possible to consider the entire problem, from sensing ele- 
ment to final calculation, as a data flow system. The technology exists, part of 
it in such diverse fields as medical research, oil well logging, communication 
theory, and missile telemetry. The job now is to translate these data and skills 
into a compatible system. 
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The system should be capable of handling sensing elements to measure tem- 
perature, pressure, conductivity, illumination, sound velocity, radioactivity, etc., 
which could be carried on one or several vehicles. These vehicles might be towed, 
anchored, free floating, or self-propelled so an acoustical telemetering system 
would probably be preferable. The data should be stored in such form that-an 
intelligible readout is available on shipboard for monitoring the operations while 
they are underway and so the data can be automatically processed for machine 
computation, either ashore, or on board. the larger vessels. The stored data or 
any part of it Should be easily reproduced and sent to another ship or laboratory 
for comparison purposes, or to combine with its own data for computation. In 
a well designed system, such a transfer of data could be made with a minimum 
of manual processing. 

I would therefore propose that one agency, such as the National Science Foun- 
dation, be given primary responsibility for development of instrumentation and 
data processing methods at least in the first few years of the program. The re- 
sponsible agency should then select one man, or a Small group, whose primary 
duties will be to review the work that has been done and the work in progress on 
instrumentation and data handling at various oceanographic laboratories as well 
as the applicable work from fields other than oceanography. 

A set of plans and specifications for a complete data flow system could be drawn 
up based on this review and on discussions with theoretical oceanographers who 
will interpret the data to be collected. After testing of prototypes, equipment 
can be built and made available to each ship and laboratory in accordance with 
its needs. 

This proposal is not presented as an ultimate answer to oceanographic instru- 
mentation, but as a plan for development of a working system, which can be built 
now, to collect and process many kinds of oceanographic data using modern rapid 
machine methods and thus facilitate the work which would be supported by this 
bill. 

The scientific and material benefits to be gained from an increase in our knowl- 
edge of the sea have been pointed out by many people in these hearings and else- 
where. I would add my voice to theirs in asking that urgent consideration be 
given to this bill for increased support of basic research in the marine sciences. 

APPENDIX 

(The following material was subsequently received for the record :) 

TABLE 1.—Bureau of Commercial Fisheries research contracts either negotiated 
or in effect in fiscal year 1960 

Contractor Brief description of work Amount 

National Fisheries Institute____-_-- Research program to improve quality of fishery products_.| $55,000 
University of Washington, Fish- | Effects of logging on productivity of pink salmon streams 47, 800 

ery Research Institute. in Alaska. 
DONE a ieee eka Bee Salmon tagging off west coast of Prince of Wales Island -_- 12, 500 
DORI ee! OS.) See ee Salmon tagging in Cook Inlet and Prince William Sound-- 12,500 
Hi) Oe peat: se oS ee ee Tagging salmon in offshore waters of north Pacifie_-_-_---- 256, 000 
DD On eee Mae eS are ae FG) Analysis of past Alaskan fishery research data__----------- 5, 600 
DOS Be SAREE teak 2 PL 538 Lee. Observation of red salmon in the Kuichaic River system_- 46, 700 
TD) Os Leet head ane oe Study of red salmon in Nushagak River__.---------------- 20, 000 

Oyster Institute of North America_} Biological research on Atlantic blue crab__---------------- 25, 250 
University of Southern California__| Study of king crab in Cook Inlet Area, Alaska__--------_- 18, 700 
University of Delaware____-------- The assay ef fish products for poultry diets.__.-.---_---_-- 5, 000 
Alaska Department of Fish and | Investigation of removal of salmon predators--_------------ 18, 400 

ame. 
University of Minnesota-_---.--_-_- Determination of structure and analysis of acids in fish 15, 200 

esh. 
Barkley and Dexter_-------------- Automatic bone inspection in fish fillets__----------------- 22, 689 
Philip Ry, Rarksiiaies tesa. yes 2 Study on methods of handling and freezing fish at sea___- 17, 000 
University of Connecticut___--____ Determination of the metabolizable energy and digestibil- 11, 800 

ity of fish meals. 
University of Miami-__-____-___--- Study of the eggs and larvae of pink shrimp--_------------- 42, 209 
Boston College____----------------- Economie study of the factors that affect demand for cod 19, 000 

and haddock. 
University of Washington --_-__--_- Statistical reasrch on fur seal populations_-._---_---------- 2, 725 
University of Delaware_-_--------- Study of disease-causing organisms and pathology of east- 11, 765 

ern Amercian oyster. 
University of Florida_________-_-_- Economic study of shrimp industry_-_-_-------------------- 16, 500 
Texas A. and M. Foundation__--_- Hydrological studies for the Corps of Engineers proposed 80, 000 

Mississippi River—gulf project. 
Rutgers University_____________-_- Study of oyster mortality___-__--------------------------- 9, 000 
University of Minnesota___-_______ Odor and nutritional studies on fish oils.------------------ 28, 500 
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TABLE 1.—Bureau of Commercial Fisheries research contracts either negotiated 
or in effect in fiscal year 1960—Continued 

Contractor Brief description of work Amount 

Duke University -..-----------_--- Biological research on Atlantic blue crab------------------ $18, 000 
University of Washington_-______- Survival of salmon released by Spring Creek Hatchery---- 10, 000 
F. Mansfield & Sons__....-------- Comiprencla sea test of proposed methods for control of 4, 600 

oyster drills. 
Alaska Department of Fish and | Investigation of growth rates of king crab, Kodiak area-_--- 5, 000 
Game. 

Gulf Coast. Research Laboratory_-_|] Biological study of Gulf of Mexico menhaden to identify 33, 000 
population units. 

Oregon Fish Commission__-_-_-~-- Columbia: River fisheries: 122s.) -s-aeees seen ene nee eeee 40, 000 
Seripps Institution of Oceanog- | Oceanographic and climatic influences on distribution and 200, 000 
raphy. behavior of tunas, eastern tropical Pacific. 

Woods Hole Oceanographic Insti- | Oceanographic and climatic influences on environment of 40, 000 
tution. fish in the north Atlantic. 

Oyster Institute of North America_| Study of spawning and setting of commercial mollusks in 10, 000 
salt water ponds. 

University of North Carolina__-___- Functional morphology of shellfish drills__--_--_---------- 11, 000 
Virginia Fisheries Laboratory - - --- Study of oyster drills in Chesapeake Bay_--_--.----------- 10, 000 
University of Washington, School |} Study of king crab populations, Kokiak and Alaska Penin- 3, 500 

of Fisheries. sula areas. 

TECHNOLOGY 

Truesdail Laboratories_-_--------- UIT atles COLTS) UL 1 sega ee ee ere 5, 000 
Limecrest Laboratories-_-_---------- Com posiiion offishanealie ates seen a ean ee eee 5, 587 
University of California_______-__- Oxidatiow of fishvoils 2°" 242 eae be eee 23, 692 
University of Wisconsin_---------- Unknown growth factors in fish meals__-----_-------------- 5, 000 
Sam Johnson & Sons-_------------- Herringhlletine/stidies. - 1s==s==se5 ses ee see eee 8, 300 
Hormel. Institute... =. ative AciG:SHructure SLUGICSS=sa= ses= sen ae eee eee 13, 900 

DO eset eetiencnn sol UE oS ol Odor=proteim Studiest= _—— je ss=n- SEU eee eee 17, 000 
HD) PEs ech cr el ee er ta sories 5 Chemical reactions of fatty acids__------------------------ 7, 000 

Minnesota School of Mines-_-_--_---- Ore-flotation studies using fish oils___._------------------- 15, 055 

FING bal lieemats teen tdee nai be Al cent ia eae ee tee ns Ses eee eae ee eee oe 1, 285, 472 

U.S. DEPARTMENT OF THE INTERIOR, FISH AND WILDLIFE SERVICE, BUREAU OF 
COMMERCIAL FISHERIES 

[AFAC, 10th meeting, Old Point Comfort, Va., Oct. 7-9, 1959] 

TABLE 9.—Contracts negotiated with Saltonstall-Kennedy Act funds, fiscal years 
1955-60 

Fiscal year 
Work area 

1955 1956 1957 1958 1959 1960 1 

TECHNOLOGY 

Research on methods of handling, freez- 
ing; and packaging southern oysters: 

Louisiana State University ----------- $105 00071|| S10; GB0)}|)- $10" 000+) 22s aes Ee 
Tulane University__________-_-------- 7, 600 7, 600 15) 125 4) 3 nope 2 ae Sel nes tes oo 
Florida State University_____--_------ 12, 400 13, 100 15 ,050.'| =. ee eee poseceeee see 
Wining Ol Miley eniG las fe ee | | | eee S107 00 | See anes eee 

4 oe) oan eS ee eee 30, 000 30, 700 40, 180 103700 Ais eee ee 

Development of voluntary standards and 
quality improvement: 

National Fisheries Institute__--------- 30, 000 55, 000 55, 000 55,000 | $25,500 j_------_-. 
University of Washington-----_---_-- 9, 785 TONO00| ace aes 18, 800 5,000.) |2--4=2=55 
Massachusetts Institute of Tech- 
MOLO RV REe eed eee SES 1 ted 15, 900 1 VaSHL 1°01) | Re | (ea MS ee 

California Department of Fish and 
ida Oe ee eS eee OOOO | xen se | a ee oe ee ee 

‘University of Massachusetts_-_-------- WAN SOB || ease eee | ee | EEE ae | See ea eee 
University of Florida_--__...---------- 6,000 |p 252 2a2 25 |boe a le ee Se ee oe a 
Philip R: Park Foundation, San 
Bed now@.al hens ee ee ees S000 )S22 3-2-6 18, 840 12, 000 $17, 000 

University of Maryland--_---.-------|----------|---------- 7O000) |oa ook Ae 

University of Maimi (marine labora- 
LUOTEN set pe NN ee eS ee 19,900) |ise- 22-525] o=2 2-3 s520] 22 ee eee ee 

State of Massachusetts, Division of 
Nieminen HS enleSes =e ete eee ae ee ee oe 8, 600 8, G50) ea ae ae eS 

Dairy Laboratories, Washington, D.C_|----------|----------!---------- 7, 500 isoeen eee ese eS 

See footnotes at end of table. 
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TABLE 9.—Contracts negotiated with Saltonstall-Kennedy Act funds, fiscal years 
1955-60—Continued 

Fiscal year 
Work area x 

1955 1956 1957 1958 1960 1 

TECHNOLOGY—continued 

Development of voluntary standards and 
quality improvement—continued 

Sam Johnson & Sons, Inc., Duluth, 
Vii eee ee | ees | ee $20, 000. |----2.2---]--<=-.--- 2 

Truesdail Laboratories, Los Angeles, 
Califins eine boot sien ses eee eee ea eee ae Lal §;000|,|5222222 a ptm 

paren DSc Laboratories, Inc., ney 
itchigunes)Miasss 45-22-22 3. a ae eee 12,000 |.-------__ 

Skinner & Sherman, Inc., Boston, ‘ $2288 
IMIG SS. 5 oo eee eseciseses ee ee ee 1.0;(000)|<22224 455 | ees 

Strasburger & Siegel, Inc., Baltimore, 
WIG. < 22222 2e 5222525555255 2252555||-525-25552|-222 5222 55||6-2---- += 8,800... 22258253 eee tae 

State of Maine, Department of Sea are 
and||Shore Fisheries 2202 ).) oa) | Loses ee SU ee NE S70 | ee pe 

ANG oo se seco sssceseneecneasas $86, 583 | $107, 900 | $138,600 | 164, 590 

Quality index for fish meal and new uses 
for fish oils: 
Maryland State College ns separa sea gO 0h | eee | eee |e en | ee 
University cf Minnesota_.-.----------| 53,832 | 48,900 | 80,400 | 42,300 |__________ 15, 200: 
University of Delaware___------------]| 44,690 | 25,000 | 25,000] 15,000 |_-___---__ 5, 000: 
North Carolina State University_--.--| 9,700 | 13,500} 10,000] 16,400 |__-_-_____ eee iz 
PTNPeareat) Yl aig a a a pein wie Nata ies Wine bien DS | 
University of Cincinnati____---------- pera Rre Seriyors aon 
Florida Southern College__--_-----__- Beebe tate Email ita heey Ts 
Universita Commecticut meee. ee anln SHO00) ease nan sas |inl Otani en Ne CTT) 
University of Southern California_____ 
Oregon State College___-----_---=----- 
Arthur D. Little Co., Boston, Mass__ 
Reedville Oil & Guano Co., Reed- 

Walle Wile = tate. mo oe oe ae 
University of California_-._-..-_------]------___=| 20,900 | 30,000} 39,000 |__---_-_-_|-----____. 
(WAST Ib ye OL VALS COTUS NM ay eee | et epee | NecrtEy ()() (DI cl 2 4.0) () | nee | 
Alaska Fisheries Experimental Com- 

MUSsiOMize 222) os eels ee Pe a 6 O00) (e422 a ee | 
University. of Massachusetts__.-------]_-._--___- SRV SALSA ee ee 
PM Baboratories; Sarasota, Male) | Es ees) Oo eee ee 
Lime Crest Research Laboratory, 
Newton iN =aee ee eee 9;.000..- 6; 587 

180, 509 | 121, 700 32, 000: 

Radiation preservation: 
University of Maryland (Maryland 

State-College),.) ie esse et She Stl Soc ce eel | 20 On oe er ts | S| 
Oregon/State College: 2. b..-.2- ees}e2 ss. 22S lene ee) 913000) 2 ee eee eee 
Massachusetts Institute of Technol- 

Exploratory fishing and gear research: 
Gulf Marine Ways, Pascagoula, Miss_-_ 39, 000 
Steam Ways Corp., Tampa, Fla______ 83, 950 
Messelicharter; Miaines 222028 on U ae Ol a) ee eee eee | 
Vesseltchtartervil Lawes ite o/b Sia iia spel | MAREE es Sr se NES RN es 
Vessel charter, Gulf of Mexico________]----__--___]--------__ 
Dwight Simpson Co., Boston, Mass___|-------_-_]--------_- 
Ebasco Services, Inc., New York City_|_-_-------]----------|---------- 2520007). 5525) Se ee 

124, 200 25000 | Saas 
SSS eee 

See footnotes at end of table. 
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TABLE 9.—Contracts negotiated with Saltonstall-Kennedy Act funds, fiscal years 
1955-60—Continued 

Fiscal year 
Work area 

1957 1958 1960 } 

MARKETING 

Surveys on fish consumption, marketing, 
ete.: 

University of Miami__........-..--.-- $1:2:000), | ge- 28928 | ee SD | Senet lean see a 
Federal Trade Commission. ____------ 9, 600 CVT ene eee (Re eres aes (eae eee 
Harwell, Knowles & Association, Inc., 

@WornaliGables; hla. -= 4 eee ced 6; 2261 || n aco o8 | eaten eee | pee cae pRe eee eee ae 
First Research Corp., Inc., Miami, 

NEWS See Se eS ee eras | 18 700 Ga-22 =. 38 lveteeasn ol oun enn: | mann oteetereliere oe nea 
A.C. Nielsen Co., Chicago, Ill___.----- 13) 7843 |.2 2 oon Re eens ee. Mle ae ol cee ao 
Bureau of the Census__..__.---------- 40, 400 TO BOOS |Pcseeeee |oe eee eee le oe eer cs [eerie 
Northeastern University, Boston_---- 1 :720) | ecet oot ale ee | eee soon wae |e aaeees ee 
Boston University_.........-.-------- OsQ003| ee Ser | A es. | canna - one noes enero 
Oregon State College_____________--_- AQWOS0 tl eae ee | esate so oan cole ces 
A.J. Wood & Co., Philadelphia-______- 24,950} cacas2 20 | See eee Ae epee $39, 000, |----- 232 
Begsity of Miami (marine labora- 

ory 
Datu EDE Of NoniCUltTe! es an eee eens 3) 0008 iene |beoass nes eee ee he 

INGw OTK Cli. -n <b Ae ee se eee 22, 500 CEU) ere oS eee Ee eed ae a 
Boston College, Chestnut Hill, Mass-_-|---------- 25: O00] |sasccamsco| col UUp eeeoue wer pao 
University: of Washing ton~ . .sccceud | eneseecs| Lasse snnod 39; 000) | Peete sane | Goma Sete [ee ereoer 
State of Maine, Department of Sea 

and/ShoresWisheries2s\s- 2+ s2-=2eeos [esos seas acoeceeee 25, 000 
Rutgers University, New Jersey ------|----------|---------- 29, 700 
MradenvwWays: mG New York City =4| 2-222 s2e8 | eoe eee pena 
San Diego State College, San Diego, 
ait aR ae Edu ie NL ee ee 

pester Traffic Bureau, New York 
Tie ee ee MR UR Sr oe oe lS So eee ee 

Crossley S-D Surveys, Inc., New 
NVORKACIE YS. =} Sue. 2A wt Bly Lee ae 2 ee | eae nee 57, 000 

Market Research Corp. of America, 
INe@waYVorki@itive= 2.- i522 2228) oc ae onde ae eee es | AS ee 43, 200 

HINGE Se RS ee ee eee eee 275, 330 89, 916 98,000 | 112,685 | 139, 200 

Educational and training films and other 
consumer education media: 

Lee Productions, Inc., New York 
Cialis SE MN |) ed 25;000)| 22222-2224) Sees ot ese ose cee | emi 

Meu AUXE SEIGLOS: ING wiey OTK Ort Vyssh OOO a ae eee ee | ec eae cere eee 
Byron, Inc., Washington, D.C-_-_------ 13: 0003 |22 222 8a os | Eo eran ann eee ene 
Sundial Films, New York City-------|----------]---------- 245 OGD) | aes | eee ee 
Milner Productions, Baltimore, Md-_-|----------|---------- 13,58) |e san canoes ooo ee | poe 

BIOLOGY 

Biology of shrimp: 
Tulane University_--2_._2____-_2- 22 NOON | Soe ee 14; 000: |rooccceatz [eoseseecen|eesesseoes 
University of Texas__-_.__._---------- 27; BBO wet eee So) a Bh ee et gee beetle ees 
Texas A. & M. Research Foundation_|____-_-_-- 7, 200" | Pee eae ee ee eee noe eens Soe 
University of Miami (marine lab- 
TACO TAY) ee eee eee | Re ees eee | See 64,800) |e ee 

WRONG Se See ee ee ee ee ees 44, 930 7, 200 14, 000 54; 800) j- 282-52 

Biology of oysters and clams: 
Florida State University_-..---------- 8/600) [i -5. See eons ER oe | Eee ee eee 
Oyster Institute of North America, 

ATTNIA POSH ems ae eo cee eae 44° 2000 Roo Ie eee |e eee 20, 000 
Virginia Fisheries Laboratory-_-------- 26,200 is es Oe Be Ak ce 11, 000 
University of North Carolina-__------ 18;:300 4] oc ee oa bE eee 11, 000 
Rutgers University, New Jersey ------|----------|----------|---------- 2, 000 9, 000 

See footnotes at end of table. 
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TABLE 9.—Contracts negotiated with Saltonstal-Kennedy Act funds, fiscal years 
1955—60—Continued 

Fiscal year 
Work area 

1955 1956 1957 1960 1 

BIGLOGY—continued 

Biology of salmon and ecologically related 
species: 

University of Washington (FRI)_--_-_-_ $127, 900 | $114, 800 | $248,300 | $292,000 |_________- $195, 500 
Alaska Department of Fishand Game_| 25,000 4, 000 4,000 | 36,000 |____-_____ 19, 000 
University of British Columbia_______ 2,750) 2-00-25) eTSb. LUSH Epes A ee Oe ee 
Winners Or soi 8,000 hr | er 
University of Washington (College of 
ISH OLIES) ees eh em hero baleen lee tn a Ml en ann oA ee 2 Ml nee 17,200 | $13, 500 5, 600 

State of Washington, Department of 
Misheries: 22s tese* = + tse ee I AE Ee on Mesos a|Se-o ae 5,000 |_-----__-- 

ANG Hallion is ere bn breve. SE A ltngree a0 § 155,650 |} 118,800 | 255,300 |} 345, 200 18, 500 220, 100 

Biology of sponges: University of Miami 
(marine laboratory)__-______-------____- 20, 000 14, 000 |] 2 0cca)_ Sissy Scorn LU, ee eS eee 

Biology of menhaden: 
Gulf Coast Research Laboratory, 

OceantSprings, Miiss: 225) ae ties 3) eee 100,000 \)\--=-|-...3}25 ea a eee 
TulanevWUniversity:. +222 sss ees | OE ee Ee TLS 00O! i: shina cI). sel | eee 

NO Galea as. Se Si eee © eee |e eed 111000 |x 22s. SSE eee 

Oceanography, meteorology, and hydrog- 
raphy: 

Texas A. & M. Research Foundation _ 1;'500 }| 22.42. 1). 25a Lae. eae | een | ees 
Woods Hole Oceanographic Institution_} 200,000 |----------|----------| 80,000} 80,000 j_-________ 
Scripps Institute of Oceanography ----|---------- 35,000)! 630; 000) ees | Se 
University of Michigan: __-__=________]-------=-_]--=--=---- L50005))- 217, 500K| 2222 aes ees eee 

Motale Seae) £4 Vewe= dee eeurs -sitetesen! 201, 500 35,000 |} 645,000 | 97,500} 80,000 |-_-_______ 

Biology of striped bass: North Carolina 
States Collerete. same ee. sce ae ne Pere | eee 650005), 63000) eS ee 

Biology of blue crabs: Oyster Institute of 
INOntheAimenicate.t-= =o eo en ean ee eee a |e eee eee 80, 000 20, 000 

Biology of king crabs: 
University of Southern California_____|_.-.---_-_]---------- 62,4489) eek _ ee eee 18, 700 
Alaska Department of Fish and Game_|-_--------.|---------- 14,600) 2.2 2e ene ance oe eee 
University of Washington: ~ —-22ss223 | a 2289070 | eee 

Motalessensasslewe en bios ig: SAEs 2 Ea ee aloe ed 77,098 | 28,070 |_--------__ 18, 700 

Fish culture: University of Oklahoma_--__ . 38, 200 |---------- 40, 800 :|..2:---==25|225-s22255|2==== eee 
Handbook of fishery data: National 
Academy of Sciences_____-__-___---_--- 150001) 22S Se ec de eee 3) cee lee 

Grandstotal.22h-2202- 2 bed 1,335,800 | 542,176 |1,940,087 | 968,245 | 345, 487 383, 489 

1 Other contracts may be awarded for fiscal year 1960. 
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TABLE 12.—Contracts utilizing Saltonstall-Kennedy Act funds, fiscal years 
1955-60 (analysis by contracting organization and location) 

‘The total value of contracts for 6 years amounts to $5,515,284 involved in 218 contracts 
with 82 organizations. 

Of these 82 organizations: 

36 are colleges and universities located as follows: 
1—British Columbia 1—Mississippi 
4—California 1—New Jersey 
1— Connecticut 1—New York 
1—Delaware 3—North Carolina 
4—Tlorida 1—Ohio 
2—Louisiana 1—Oklahoma 
2—Maryland 1—Oregon 
5—Massachusetts 2—Texas 
1—Michigan 2—Washington 
1—Minnesota 

7 are State agencies located as follows: 
1—Wisconsin 

2—Alaska 1—Massachusetts 
1—California 1—Virginia 
1—Maine 1— Washington 

4 are Federal ageincies in Washington, D.C. 
39 are private organizations and industry associations located as follows: 

2—California 1—Minnesota 
3—Washington, D.C. 
5—Florida 9—New York 
1—Illinois 1—Pennsylvania 
i1—Maine 1—Virginia 
3—Maryland 1— Washington 
5—Massachusetts 

COLLEGES AND UNIVERSITIES 

2—Mississippi 

State and organization Field Number of | Total value 
contracts of contracts 

ef ee 

British Columbia: University of British Columbia_-___ IBiOlOR yee nee ee 1 $2, 750 
California: 

Sane Diero State College: -_ seus heyy pe Marketing________. 1 32, 000 
Miniversiiivon Californiat- 2. 205-8 2s i ee Technology---_____ 7 100, 000 
University of Southern California__._________.______]____- (o Ko ea eee EN 1 6, 820 

ieiloloyeny Se a 2 81, 148 
Scripps Institute of Oceanography__________________|____- doe. 2. See 3 665, 000 

Connecticut: University of Connecticut________________ Technology-_-__._-_ 2 19, 800 
Delaware: University of Delaware________.___..________]____- Gos sss renee 8 114, 699 
Florida: 

ilorida southern College: =: 2 Sas eaee ae eee (0 (Vee RE oR 2 10, 640 
lalloranokes (Shige hank esi eee eee oe PO Ae a Cosma h = s 4 44, 755 

[Biol O fy eae n ee 1 8, 600 
MiversitiytOl MIOTIOg - 2. 40. Bee aneasee a) ee shechnolocy= =e 1 6, 000 
Wintiversitayaol Wiliam = 4" 2 252 a eee a ee eee AO... bee 1 19, 900 

Marketing________ 4 65, 485 
Biology =e eee 4 131, 800 

Louisiana: 
Louisiana State University _-....-....._..-_____-___ Technology --___-- 3 30, 000 
giimlane Umiversitvess. 22. 2 ae. See ear Se ee eee Goth egtia yr Ton jel 3 30, 325 

Biglog ye) sana 3 42, 100 
Maryland: 

Manylandistate College: :s.- 62222 Ses See ee Technology--___-_ 2 22, 000 
University ol Mianyland). 52: ses 22) eee see: eee |e Ott Stes se 2 85, 700 

Massachusetts: 
BasvoMme Coleress 2. Pea et ee eee Marketing________ 2 56, 700 
BOStOMBUMMMNVENSIU V2 o-oo Sl A ee ee dorsi. t fasees 1 70, 000 
Massachusetts Institute of Technology-- =-|/“Dechnolopy-_ 2 3 55, 580 
Noriheastern University... sil ss see Marketing._______ 1 15, 720 
Winiversiiyson Wiassachusetiss- sess se see a Technology~-____- 2 18, 858 

Michigan: University of Michigan______________________ Biolagyore hie 2 82, 500 
Minnesota: University of Minnesota_-_-_---------------- Technology. -_----_ 17 240, 632 
Mississippi: Gulf Coast Research Laboratory_-------_-- Biglor yen 1 100, 000 
New Jersey: Rutgers University._---------------------- Marketing-_-_-_----- 2 31, 700 

Bigloryoe. Re 1 9, 000 
News Mork: University ct Buflalos =. -265_ =e ee Gore ee 1 8, 000 
North Carolina: 

North Carolina; state College. -= 22s =e ee eee Do-tee eee 2 6, 000 
North Carolina State University_..----------_------ Technology. ------ 3 33, 200 
University of North Carolina_--------------_=---.-- Biclogyes sae. == 2 29, 300 

OM oOwUmiversity Of Cincinmatl= 222-28 - = one eee eee e ean Technology--_----- 3 46, 200 
Oklahoma: University of Oklahoma-----------_--------- Biglopya eo nese 2 79, 000 
Oregon: Oregon State College__.-.---------------------- Technology--_---- 2 20, 375 

Marketing_______- 1 49, 950 
Texas: 

eRexacwA maui taee es ON, SI Ges LG ee PRE Mechnolopyesecces 1 5, 900 
Biology ie Ss 2 8, 700 

(Wmiiviersiiy (of Mexasies<.- 6 2 £2 — aS Se eee ee (i eee 1 27, 830 
Washington: 

Wniversityrof Washington: - 2+ 22-2. -2--_-_ Technology------- 4 43, 585 
Marketing_-__.___- 1 39, 700 

iology) LEI 4 64, 370 
University of Washington (FRI)_.-..--------------]----- dole 26% - se2 27 937, 500 

Wisconsin: University of Wisconsin. -_.----------------- Technology. -_---- 2 9, 400 

55401—60—_9 
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TABLE 12.—Contracis utilizing Saltonstall-Kennedy Act funds, fiscal years 
1955-60 (analysis by contracting organization and location) —Continued 

STATE AGENCIES 

State and organization Field Number of | Total value 
contracts of contracts 

| | 

Alaska: 
Alaska Fisheries Experimental Commission_________ Technology--_____- 1 $6, 000 
Department of Fish and Game--_-_-----------__-_-- Biology ---.-------- 6 102, 650 

California Department of Fish and Game_______________ Technology ---_____ 1 10, 000 
Maine Department of Sea and Shore Fisheries__________ Marketing_-_______ 1 25, 000 

Technology---____ 1 8, 700 
Massachusetts Division of Marine Fisheries-_------_-_--|__--- do. Rees 2) 17, 250 
Virginia Fisheries Laboratory__-.__-..-.---_-------_---- Biology==2-222-- = 3 47, 200 
Washington Department of Fisheries----_-.-_.---_-----|----- does Sa 1 5, 000 

FEDERAL AGENCIES 

Washington, D.C.: 
Department of Agriculture___-______._-_____-_-_____ Marketing--______ 1 $3, 000 
Bureau onthe Censusesss - sss eee re eee eee do Ss 2 51, 900 
Federal Trade Commission-_..__.-._.-------_------|----- CO eres 2 17, 016 
National Academy of Sciences_-__-___-_____________ Biology----------- 1 15, 000 

PRIVATE ORGANIZATIONS AND INDUSTRY ASSOCIATIONS 

California: 
Philip R. Park Foundation__----------------------- Technology---_---- 4 $55, 840 
ENrueEsdailualb ona tOnleS sass === a ee ane eee Claes See 1 ' 

District of Columbia: 
(BiVNONG IMCs o.oo tes Pen eel a as eee ee eee Marketing__------ 1 13, 000 
National Fisheries Institute__..-------------------- Technology_-_---- 5 221, 000 
Dain Laboratories 42.20 222. Se ks i GO g2 252222228 1 7, 500 

Florida: 
HinstyReseanch'| Corp. 2-42 -2-252 === eee ee Marketing__------ 1 18, 70 
Harwell, Knowles & Associates._-------------------]----. G0... Vis Seas 1 6, 226 
iP VEL alpora tories 0 2st2- 2... ae al Pe te Technology_-__---- 1 10, 500 
Steam Ways! Corp_---- 22 see oe ed 0. =¢ 22 S8 ees 1 83, 950 
WieSSCISR CL CON = Hae nas ne eee ee ns ee areas |UneaS (c (oe ee il 29, 200 

MUTI OTS Aven @AeiNelSere © Osseae saan a ee Marketing_-_------ 1 13, 784 
Vian S VieESSelMVIChOCONeh ne ae a Technology. -_---- 1 40, 000 
Maryland: 

Milner Produchionsss === =— == eae eee oe Marketing------_- 1 13, 585 
Oyster Institute of North America__---------------- Ieioloyay Seen 4 164, 200 
Strasburgerd; Siece]= = 2-2. _- =) Saw eyes Technology___---- 1 8, 800 

Massachusetts: 
Ar Thur DS Little Con 22522 ee See enn Ee ase O22: see 1 16, 500 
ID wwitelayg Sia SONA (OM ease sane se Sse sean es |esne = (6 (0 eee 5 1 15, 000 
Woods Hole Oceanographic Institution. __---------- 3 360, 000 
Barkley & Dexter Laboratories, Inc = 2 34, 689 
Sleiman ae Sle maMeia, MO ese cee sees Sse d 1 10, 000 

Minnesota: Sam Johnson & Sons, Inc_-_-----------------|----- 1 20, 000 
Mississippi: 

GinllWianine Ways 2 ssse- sens ee ne eee eee neaoae (6 {Gy EE Sree 1 39, 000 
Viessel Silver (Baie aa onde ee ee te a eee 8 doy = 1 40, 000 

New Jersey: Lime Crest Research Laboratory----------|----- dosaas =e 2 14, 587 
New York: 

Deluxe Studios: . 22.2 sss252 25 Se Marketing-------- 1 24, 000 
basco) Services-c- ===. 521 -- 1 eee Technology ------- 1 25, 000 
MeesProduchions in CS assesses s=- see eee eee Marketing-------- 1 25, 000 
Sundial Milms2 32.522 ele Seen eee se do... Bee sese 1 24, 065 
Mrade: Ways; in! 2o0! foe a ee dose Laie 1 5, 000 
We Rs Simmons) cvAssociatesess sees essen ee eee eeene Oi. <2. 2 26, 100 
Hashermeannaiic BUneAUe ess a anee os een eee eee dons a as il 25, 000 
COlnoslleny (S=1D) Siw YENyS, MeO stone eee dos2ves ees 1 57, 000 
Market Research Corp. of America----.------------|----- dos 2S 1 43, 200 

letyouasnabyenone ye IN, din WNVOONG! ite (OL S25 eee | aes dO 25-2. Se 2 63, 950 
Virginia: Reedville Oil & Guano Co__------------------ Technology ----.-- 1 6, 500 
Washington: Food Chemistry and Research Labora- |----- (6 (0 eer oe 1 13, 000 

tories. 

RESOLUTIONS 

RESOLUTIONS ADOPTED BY THE SIxTH ANNUAL HASTERN Paciric OCEANIC COoN- 
FERENCE, HELD AT LAKE ARROWHEAD, CALIF., DECEMBER 9-11, 1959 

Whereas Senate Resolution 186 has endorsed the report of the National 
Academy of Sciences’ Committee on Oceanography and the THNOC plan of the 
U.S. Navy and whereas Senate bill 2692 has been introduced to authorize in- 
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creased Federal support of research in the marine sciences, and whereas the 
Subcommittee on Oceanography of the House of Representatives has held and 
published hearings on the desirability for Federal action: Now be it 

Resolved, That the Hastern Pacific Oceanic Conference, recognizing the need 
for increased research in both civilian and military aspects of the marine sciences, 
notes with great interest and pleasure the legislative activity toward providing 
increased Federal support for research in the marine sciences. 

RESOLUTION ADOPTED BY THE SIxTH ANNUAL HASTERN PACIFIC OCEANIC CoN- 
FERENCE, HEetp AT LAKE ARROWHEAD, CALIF., DECEMBER 9-11, 1959 

Whereas Senate bill 2692 provides for the establishment of a National Oceano- 
graphic Data Center, and whereas the Coordinating Committee on Oceanography 
ye initiated action leading to the establishment of such a center: Now, therefore, 
e it 
Resolved, That the Eastern Pacific Oceanic Conference renews its expression 

of need for a facility for the centralization and dissemination of data from the 
oceans and recommends the creation of a National Oceanographic Data Center to 
be established, supported, and operated jointly by the appropriate Government 
agencies ; 

And that a continuing advisory panel composed of members from both gov- 
ernmental and other oceanographic activities be established to set the policies 
for its operation. The center should be so organized and conducted as to serve 
adequately all public needs, civilian governmental, nongovernmental, and mili- 
tary, for access to ocean data’; 

And that the existing World Data Center (A) (Oceanography) should continue 
its activities for the present. The question of international archives and of 
international exchange of data should be reviewed. 

RESOLUTION ADOPTED BY THE AMERICAN LEGION AT ITS 41ST ANNUAL NATIONAL 
CONVENTION IN MINNEAPOLIS-ST. PAut, Minn., August 25-27, 1959 

RESOLUTION 604—OCEANOGRAPHIC RESEARCH 

Whereas the knowledge of the scientific phenomena related to the world’s 
oceans at present is extremely meager compared to their paramount importance; 
and 
Whereas the world’s oceans cover three-fourths of the earth’s surface and are 

daily increasing in importance to the destiny of the free world; and 
Whereas increased utilization of marine resources provide a promising food 

potential in the face of the explosive increases of the world’s population; and 
Whereas the world’s oceans provide a future scurce of atomic fuel, mineral 

resources, and fresh water supply ; and 
Whereas there is an increased mutual interdependence of the nations of the 

free world for nonindigenous strategic materials in view of expanding techno- 
logical applications ; and 

Whereas the United States and the free world depend for sea lift of 99 percent 
of all materials exported ; and 
Whereas the United tSates depends largely upon utilization of the world’s 

oceans by its naval forces for its capability to cope with limited war and inter- 
national crises all over the world ; and 
Whereas the threat of enemy submarine launched missile attack against the 

United States is now a reality ; and 
Whereas there is an urgent need to provide a comprehensive long-range pro- 

gram for oceanographic research embodying an accelerated increase in ocean- 
ographic research and survey ships, laboratories, schools and scientific personnel : 
now, therefore, be it 

Resolved, That the American Legion National Convention, assembled in Min- 
neapolis, Minn., August 24-27, 1959, endorses the overall 10-year plan for ocean- 
ographic research as outlined in the report of the Committee on Oceanography 
of the National Academy of Sciences and the U.S. Navy. 
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RESOLUTION ADOPTED BY THE VETERANS OF FOREIGN WARS OF THE UNITED STATES’ 
AT ITS 60TH NATIONAL CONVENTION, HELD IN Los ANGELES, Caxir., AUGUST 30— 
SEPTEMBER 4, 1959. 

RESOLUTION NO. 235—-ENDORSING OCEANOGRAPHIC RESEARCH 

Whereas the knowledge of the scientific phenomena related to the world’s 
oceans at present is extermely meager compared to their paramount importance; 
and 

Whereas the world’s oceans cover three-fourths of the earth’s surface and are 
daily increasing in importance to the destiny of the free world; and 
Whereas increased utilization of marine resources provide a promising food 

potential in the face of the explosive increases of the world’s population ; and 
Whereas the world’s oceans provide a future source of atomic fuel, mineral 

resources, and fresh water supply ; and 
Whereas there is an increased mutual interdependence of the nations of the 

free world for nonindigenous strategic materials in view of expanding tech- 
nological applications; and 
Whereas the United States and the free world depend for sea lift of 99 percent 

of all materials ‘exported ; and 
Whereas the United States depends largely upon utilization of the world’s 

oceans by its naval forces for its capability to cope with limited war and interna- 
tional crises all over the world ; and 
Whereas the threat of enemy submarine launched missile attack against the 

United States is now a reality ; and 
Whereas there is an urgent need to provide a comprehensive long-range pro- 

gram for oceanographic research embodying an accelerated increase in oceano- 
graphic research and survey ships, laboratories, schools, and scientific personnel : 
Now, therefore, be it 

Resolved by the 60th National Convention of the Veterans of Foreign Wars of 
the United States, That we strongly and wholeheartedly support the overall 10- 
year plan for oceanographic research as outlined in the Report of the Committee 
of Oceanography of the National Acadmy of Sciences and the U.S. Navy’s TENOC 
(Ten Years of Oceanographic Progress, prepared by the Office of Naval Research 
and the Chief of Naval Operations) ; and be it further 

Resolved, that the 60th National Convention of the Veterans of Foreign Wars 
of the United States express approval of the interest and leadership manifested 
by the President and Congress of the United States and the National Scientific 
Committee in the urgency of this field of scientific study. 
Approved by the 60th National Convention, Veterans of Foreign Wars of the 

United States., Los Angeles, Calif., August, 30-September 4, 1959. 

RESOLUTION ADOPTED BY THE DISTRICT OF COLUMBIA FEDERATION OF WOMEN’S 
CLUBS, JANUARY 25, 1960 

INCREASED MARINE RESEARCH 

The sea has always mystified and amazed us. We have delighted in its chang- 
ing moods, in the delicacies that it provides for our tables—succulent fish, shell- 
fish, mollusks. We in the United States have basked in the protection provided 
by great bodies of water on all our borders. For some years now, however, we 
have noticed that something unpleasant is happening to these waters—our 
oceans, bays, estuaries, and our Great Lakes. Be it resolved, That— 

Whereas many of our table delicacies, our oysters in particular, but also other 
sea life, are being killed or contaminated by various pests and diseases, thereby 
endangering the livelihood of tens of thousands of U.S. citizens ; 

Whereas, due to lack of funds to enforce our off-shore boundaries limits, foreign 
vessels are frequently guilty of dumping oil waste and other forms of pollution 
into our waters, making many of our beaches unpleasant to visit and in some 
eases closing them ; and 

Whereas pollution from our own streams and rivers is also polluting some 
areas, causing the death of fishes and other marine life; and 
Whereas severe erosion is eating away our shorelines ; and 
Whereas it became apparent at the first Oceanographic Congress held at the 

United Nations in the fall of 1959 that other nations have made great strides in 
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scientific progress to unveil the secrets of the sea, even to farm the sea as an 
additional source of food for hungry peoples of the world; and learn the plains, 
valleys, and mountains or the floor of the sea as one learns the land above water ; 
therefore be it 

Resolved, That we encourage and support Federal and private agencies con- 
cerned with oceanography; that we support present and pending legislation on 
these matters vital to our national economy and to our national security lest 
we lose the freedom of the seas and the vast untouched treasures, mineral, plant- 
life and animal life, the energy and source of fresh water to nations whose 
ideologies are opposed to those of the free nations. 

Mrs. T. Davin Gates, President. 
Attest : Mrs. Harvey O. Craver, Secretary. 

RESOLUTION FROM COMMITTEE FOR RESEARCH PLANNING OF THE ATLANTIC Es- 
TUARINE RESEARCH SociETY TO THE COMMITTEE ON INTERSTATE AND FOREIGN 

COMMERCE OF THE UNITED STaTES SENATE CONCERNING SENATE BILL 2692, “Ma- 
RINE SCIENCES AND RESEARCH ACT oF 1959” 

Whereas man has been interested in the open seas and the coastal waters for 
centuries, utilizing them as sources of food, routes of commerce, and arenas of 
warfare; and 

Whereas there has developed an increasing realization that man, although he 
has learned much, must continue to acquire information about the oceans and 
coastal regions at a much greater rate if he is to promote commerce and naviga- 
tion, expand aquatic resources, and enhance the general national welfare: There- 

fore be it 
Resolved, That the National Academy of Sciences—National Research Coun- 

cil, and President Detlev Bronk, be commended for their foresight and interest 
in the formation of a Committee on Oceanography; and be it further 

Resolved, That the Committee on Oceanography of the National Academy of 
Sciences—National Research Council, under the chairmanship of Dr. Harrison 
Brown, be commended for their labors and devotion to the future of the science 
of oceanography that resulted in the report entitled “Oceanography, 1960 to 
1970” ; and be it further 

Resolved, That Hon. Warren G. Magnuson and his associates be commended 
for introducing Senate bill 2692, ‘Marine Sciences and Research Act of 1959,” 
into the U.S. Senate of the 86th Congress; and be it further 

Resolved, That the Atlantic Hstuarine Research Society, whose purpose is to 
encourage and develop research in the biological and physical aspects of es- 
tuaries, support the National Academy of Sciences-National Research Council 
report entitled “Oceanography, 1960 to 1970” ; and be it further 

Resolved, That all persons interested in and concerned with the evaluation and 
passage of Senate bill 2692 consider the following points: 

(1) It is recommended that representatives from the National Science Foun- 
dation be consulted to determine what the enactment of Senate bill 2692 in its 
present form would mean to the National Science Foundation with respect to the 
establishment of a Division of Marine Sciences ; 

(2) It is recommended that should a Division of Marine Sciences be es- 
tablished within the National Science Foundation, the membership of said 
Division should not be restricted to scientists from universities or institutions 
receiving assistance from the Office of Naval Research, the Hydrographic Office, 
the Coast and Geodetic Survey, the Bureau of Commercial Fisheries, the Atomic 
Energy Commission, and the Maritime Commission, but should be chosen, re- 
gardless of institutional affiliation, on the basis of the merits of the individual 
scientist ; 

(3) The biological, chemical, geological, and physical aspects of estuarine and 
other inshore areas should receive at least as much emphasis as those aspects of 
the high seas, since the coastal and estuarine areas which lie closest to the 
centers of population are of great importance in terms of national defense and 
are and will probably continue to be the areas of greatest food and other re- 
source production ; 

(4) In keeping with this, planning and funds should be devoted to the con- 
struction or support for the construction of research vessels capable of working 
in coastal and estuarine areas, and these vessels should be equipped to do 
adequate biological, chemical, geological, and physical investigations com- 
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mensurate with research problems being carried out in these coastal and estuarine 

areas; 
(5) Sufficient support should be given to those existing organizations plan- 

ning new or additional shore installations so that the various aspects of ocean- 
ography, including the biology, chemistry, geology, and physics of both the off- 
shore and inshore areas can be incorporated in the plans prior to construction ; 

(6) The allotments of money for basic research in the various phases of 
oceanography are too small and it is recommended that the National Science 
Foundation be authorized to appropriate $100 million (not to exceed $20 million 
in any one year) for basic research in the various phases of oceanography, in- 
cluding biology, chemistry, geology, and physics, exclusive of construction and 
operational costs for vessels and shore facilites, and it is further recommended 
that in such authorization due consideration be given to biological oceanography 
because of the complexities and interdependence of ecological and physiological 
systems, and it is further recommended that research grants must be obtained 
on the scientific merit of the proposed programs ; 

(7) In keeping with the need for increased basic research, funds should be 
increased to $400,000 per annum or a larger proportion specified for fellowships, 
grants, etc., for the encouragement and development of students desiring to be- 
come oceanographers and definite proportions of these funds should be set up 
for the various aspects of oceanography ; 

(8) There is insufficient emphasis on studies to determine the effects of atomic 
radiations on the genetics and somatic characteristics of marine organisms, and 
therefore it is recommended that the expenditures by the Atomic Hnergy Com- 
mission be increased to $1 million per annum to study the normal genetics of 
marine organisms and to determine the genetic and somatic effects of atomic 
radiation on these marine organisms ; 

(9) The areas and problems invoived are so complex and the absolute necessity 
for an adequate understanding is so great that it is strongly urged that adequate 
authorizing legislation be framed and passed at once; and 

(10) Since the scientific work recommended by the Committee on Ocean- 
ography, the Atlantic Hstuarine Research Society and other parties concerned is 
necessary and urgent it is reeommended that adequate funds and the necessary 
executive authorization be provided to implement the authorizing legislation 
involved. 

DECEMBER 15, 1969. 

DEPARTMENT OF RESEARCH AND HDUCATION, 
Solomons, Md., May 9, 1960. 

Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S. Senate, Washington D.C. 

DEAR SENATOR Macnuson: Your deep interest in wise development of our 
marine resources and in adequate supporting research is Shown by your spon- 
sorship of Senate bill 2692 for the advancement of the marine sciences. The 
marine environment must be comprehended for the future benefit of this nation 
and others. Since it is an enormous and complex portion of the earth, investi- 
gation must be broadly based and effectively sustained. ‘These concepts are 
included in your bill, and merit adoption and facilitation. 
We have received copies of some of the letters sent to you and other members 

of the Committee on Interstate and Foreign Commerce. They contain con- 
structive suggestions and reflect the wide interest which exists. It seems to 
me, however, that the wish of the writers to suggest and discuss possible modi- 
fications may sometimes have masked their strong basic support of the purposes 
of the bill. As far as I can judge, every group interested in sound conservation 
and intelligent use of the seas wishes to have positive action taken. 
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On behalf of the Chesapeake Biological Laboratory, the staff here, and many 
of my professional associates on the east coast, I would like to convey strong and 
enthusiastic endorsement of this bill and the concept upon which it is based. 
We urge that the bill, with such modifications as you find to be necessary, 
be moved through the legislative processes, enacted, and supported at the 
lee possible date. Much of the welfare of the Nation will rest upon such 
action. 

If you feel that modification of detail is desirable, we vigorously recommend 
to your attention the points listed in the resolution provided to your office 
by the Atlantic Estuarine Research Society. We believe that these suggestions 
are wise and would provide the strongest possible approach to accomplishment 
of the aims of the bill. We would be glad to provide you with additional copies 
of these points. 
We deeply appreciate your efforts and hope that the basic concept of Senate 

bill 2692 will be effectuated in the near future. Please let me know if we can, 
in any way, assist you. 

Cordially, 
L. EuGENE Cronin, Director. 

NATIONAL SCIENCE FOUNDATION, 
OFFICE OF THE DIRECTOR, 

Washington, D.C., February 8, 1960. 
Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S. Senate, Washington, D.C. 

My Dear Senator Magnuson: This is in further reply to your letter of Janu- 
ary 22, 1960, requesting information concerning support of research in ocean- 
ography by the National Science Foundation during fiscal year 1959. For your 
information, there is enclosed a list of Foundation grants for research in this 
and related fields during fiscal year 1959. 

The total breakdown as follows: 

Physical oceanograph: 
Research A222. 2 oo Ree a eee el he eee $1, 000, 400 
AGIOS Male IONG A Do Sek ys we Ee A EOS i ee eee 28, 400 

Ta rea ete RE A ee ee 1, 028, 800 

Biological oceanography and limnology : 
TES ESYSN2 156) ote agi Pt i Sep lO ir Fe al et Der ree Sr 1, 642, 050 
Wa Cilitiesit 2. Acer te) an teenie Seon Se 1 ee ni beet Beer 596, 000 

RO ete” bs 8 oie eo em ee EE oe ee ee ee 2, 238, 050 

Grandtotall_ a2 She ee ee ee eee 3, 266, 850 

If there is any further information you need, please let us know. 
Sincerely yours, 

ALAN T, WATERMAN, Director. 
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Physical oceanography: 
Research: 

Koczy, University of Miami-_-- 

Bader, Texas A. & M-__-___---_- 
Ewing, Columbia University _-- 

Ericson, Columbia University _- 
Emery, University of Southern 

California. 
Leahy and Hersey, Woods Hole 

Oceanographic Institution. 
Nafe, Columbia University _---- 
Worzel, Columbia University__- 

Donn, Columbia University -_-_- 

Stommel, Woods Hole Oceano- 
graphic Institution. 

Munk, University of California. 

Knauss, 
fornia. 

Rattray, University of Wash- 
ington. 

Lyon, Dartmouth College__-____ 

University of Cali- 

Keeling, University of Cali- 
fornia. 

Rakestraw, University of California____ 

Rakestraw and Keeling, University of 
California. 

Woodcock, Woods Hole Oceanographic 
Institution. 

Bruun, University of Florida 
Farmer, Woods Hole Oceanographic 

Institution. 
Facilities: 

Minot, Woods Hole Oceanogra- 
phic Institution. 

Shade, University of California_ 

Biological oceanography and limnology: 
Research: 

Gray, Duke University___------ 

Backus, Woods Hole Oceano- 
graphic Institution. 

Hartman and Barnard, Univer- 
sity of Southern California. 

Randall, University of Miami-- 
Shuster, University of Delaware_ 

Odum, University of Georgia--- 

Teal, University of Georgia.__-_- 
Moore, University of Miami____ 
Fleming, University of Wash- 

ington. 
Schevill, Woods Hole Oceano- 

graphic Institution. 
Schroeder, Woods Hole Oceano- 

graphic Institution. 
Burbank, Emory University- _- 
Fager, University of California_ 
Meyers, University of Miami__- 
Benson, University of Kansas-_- 

Barlow, Cornell University----- 
Johnson, Duke University_---_-- 
Waterman, Yale University --__ 

Gray, Duke University_-------.. 

Sawyer, University of New 
Hampshire. 

Mattox, University of Southern 
California. 

deSylva, University of Dela- 
ware. 

Deubler, University of North 
Carolina, 

Subject Grant 
No. 

Radium Distribution at Water-Seidment | G—7280 
Interface. 

West Mississippi Delta__---___-----__.---- G-5974 
Marine and Bottom Research in High | G-6539 

Southern Latitudes (VEMA Cruise 15). 
Ocean Sediment Cores______-------------- G-6540 
Varved Sediments in Santa Barbara Basin_| G—6599 

Geophysical Survey of North Rim, Puerto | G—7438 
Rico Trench. 

wees GO ecb Bee ee sot eee eed See GS R7il 
Gravity Observations at Sea Using a Sur- | G-8866 

face Vessel. 
Observatories at Island Stations, of Sea | G-8743 

Level and Long Period Ocean Waves. 
Collaborative Study of Deep Ocean Cur- | G-8189 

rent Systems. 
Wave Station on San Clemente Island— | G-8760 
A Study of Tsunami Waves. 

Direct Current Measurements. ----_------ G-8761 

OgeaneataDine Model Studies of Puget | G—6598 
ound. 

A Study of the Rate of Rise of Sea Level | G—7253 
as Measured by Radiocarbon Dating. 

Meteorological Aspects of Carbon Dioxide | G-8748 
and Its Exchange With the Ocean. 

Carbon Dioxide and Its Exchange With | G-8744 
the Ocean. 

Carbon Dioxde in the Atmosphere---_-__-- G-6542 

Sea-Salt Nuclei—Their Origin, Physical- | G-7366 
Chemical Nature and Role in Atmos- 
pheric Processes. 

Wind-Water Relation in Coastal Waters__| G-6310 
Directional Spectrum of Water Waves__--| G—6094 

Design Concepts for Research Vessels__--- G-6002 

Towing Tank Reproduction of Nonuni- | G— 
form Seas. 

Distribution and Abundance of Fauna in | G—5838 
Transitional Marine Knvironments. 

Composition of Oceanic Deep Scattering | G-5839 
Layers. 

Subsill Faunas of Submarine Canyons--_--} G-5841 

Ecology of Coral Reef Fishes___----------- G-5941 
Effect of Environment on Shell Structure | G-—6154 

in Mollusks. 
Trophic Structure and Productivity of a | G-6155 

Salt Marsh Ecosystem. 
Energy Flow of a Salt Marsh Ecosystem_-_| G—6156 
Level Sea Bottom Communities. ___._----| G-6159 
Zoogeography of Some Bathypelagic Spe- | G-6168 

cies of the North Pacific. 
Environmental Cetology__---------------- G-6171 

Biology of the Larger Pelagic Fishes of the | G—6172 
Western Atlantic. 

Ecology and Distribution of Cyathura_-_--- G-7138 
Sand Bottom Communities_-------------- G-7141 
Marine Yeasts of Biscayne Bay----------- G-7151 
Paleoecology of Ostracoda in Pamlico | G—7152 

Sound. 
Respiration of Zooplankton populations__-| G—7154 
Marine Mycology___---------------------- G-7178 
Diurnal Vertical Migration by Aphotic | G—8638 
Zone Zooplankton. 

Fauna of Transitional Marine Environ- | G-8655 
ments. 

Ecology of Pholis Gunnelis.--------------- G-8693 

Life History of the Round Stingray-----_-- G-8704 

Systematics and Ecology of Eggs and Lar- | G-8774 
vae of the Delaware Bay Fishes. 

Biology and Ecology of Paralichthys Letho- | G-8785 
stigma. 

$12, 000 

16, 400 
140, 000 

26, 000 
8, 100 

58, 700 

30, 000 
63, 000 

25, 600 

290, 000 

15, 000 

50, 000 

31, 900 

3, 000 

24,700 

26, 900 

34, 000 

83, 100 

43, 000 
24, 000 

18, 400 

10, 000 

24, 900 

58, 100 

10, 700 

28, 000 
13, 000 

17, 500 

15, 600 
41, 800 
16, 100 

56, 700 

65, 000 

23, 600 
30, 700 
16, 000 
9, 900 

25, 800 
16, 800 
15, 600 

5, 000 

6, 100 

5, 200 

20, 000 

21, 400 
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Biological oceanography and lim- 
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Turner, Woods Hole Oceano- 
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Clarke, Woods Hole Occano- 
graphie Institution. 
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eal Garden. 

Riley, Woods Hole Oceano- 
graphic Institution. 

Castenholz, University of 
Oregon. 

Hartman and Emery, Univer- 
sity of Southern California. 

Knudsen, Pacific Lutheran 
College. 

Dehnel, University of British 
Columbia. 

Dawson, Los Angeles County 
Museum. 

Sparling, University of British 
Columbia. 

Rogick, College of New Rochelle- 
Voss, University of Miami___ -__- 
Cable, Purdue Research 
Foundation. 

Emerson, American Museum 
of Natural History. 

Newell, American Museum of 
Natural History. 

Humes, Boston University ---_- 
Trainor, University of Con- 

necticut. 
Bullock, University of New 
Hampshire. 

Meyers, University of Miami_-_- 
Clark, Cape Haze Marine 
Laboratory. 

Menzies, Columbia University 
Norris, University of Minne- 

sota. 
Gilbert, Albion College_--_----_- 

Dawson, Beaudette Founda- 
tion. 

Robins, University of Miami_-_- 
Manter, University of Nebraska_ 
Bigelow and Mead, Yale Uni- 

versity. 
Short, Florida State University 

Humes, Boston University_-_---- 

Kohn, Florida State University- 

Suttkus, Tulane University--_-- 
Barnard, Columbia University_ 
Pratt, University of Florida_--- 
Snyder and Edmondson, Uni- 

versity of Washington. 
Goreau, New York Zoological 

Society. 
Patrick, Academy of Natural 

Sciences, Philadelphia. 
Smith, University of Michigan-- 
Silva, University of Ilinois----- 
Self, University of Oklahoma--- 

Brass, American Museum of 
Natural History. 

Breder, American Museum of 
Natural History. 

Frey, Indiana University------- 

Subject 

Comparative Ecology of Tropical and 
Temperate Zone Fiddler Crabs. 

Carbonate Sedimentation on a Living 
Coral Reef. 

Environmental Influences on Reproduc- 
tive Cycles of Benthic Marine Inverte- 
brates. 

Feeding, Metabolism, and Growth of Zoo- 
plankton. 

Animal Suecession in Newly Developed 
Marine Harbors. 

Growth Substances in Marine Organisms 
and in Their Habitats. 

Productivity of the Benthos of Coastal 
Waters. 

Growth of Marine Littoral Diatoms_-__---- 

Faunas of Submarine Canyons__---------- 

Ecology and Life History of the Puget 
Sound Brachyura and Anomura. 

Effect of Environmental Factors on Oxy- 
gen Consumption in Hemigrapsus sp. 

The Marine Algae of Pacific Mexico_------ 

Life Cycles of Red Algae._-------.-------- 

Bryozoa of the Antarctic 
Cephalopods of the North Atlantic__------ 
Marine Digenetic Trematodes of Puerto 

ico. 
Systematic Studies of Recent Mollusks-_--- 

The Living and Fossil Genera of Bivalve 
Mollusks. 

Parasitic Copepoda of Fishes_-_------------ 
The Morphology of the Marine Alga 

Enteromorpha. 
Acanthocephalan Parasites of Northern 
New England. 

Systematic Studies of Marine Fungi-__-_-- 
Syngnathid Fishes of the Red Sea___------ 

Abyssal Isopods of the Atlantic Ocean____- 
Morphological and Cytological Studies of 
Red Algae. : 

Systematic Studies of Hawaiian Marine 
Algae. 

The Marine Algae of Pacific Mexico__----- 

Monograph of the Fish Family Ophidiidae_ 
Digenetic Trematodes of Fishes of Hawaii_ 
Soft-Rayed Bony Fishes of the Western 
North Atlantic. 

Taxonomic and Life History Studies of 
the Dieyenid Mesozoa. 

Systematics of Copepods From the West 
Indies. : , 

Systematics of Indo-West Pacific Marine 
Mollusks of the Family Conidae. 

Revision of the Garfishes_----------- Seeete 
Taxonomy of Abyssal Marine Amphipods-_ 
Osmotic Properties of Marine Bacteria---- 
Research Training Program at Friday 
Harbor Marine Laboratories. 

Physiology of Reef-Building Corals__----- 

Fresh-W ater Diatoms of the United States- 

A Manual of the Fleshy Basidomycetes-_-- 
Index of Scientific Names of Algae-_------- 
Free Amino Acid Studies of Larval and 
Adult Cestodes From Three Species of 
Catfishes. 5 

Sixth Archbold Expedition for Biological 
Explorations in New Guinea. 

Ecological Adjustments of a New Type of 
Cave Fish. 

Phylogeny of Chydorid Cladocerans, and 
Their Use in Interpreting Lake On- 
togeny. 

Grant 
No. 

G-8788 

G-8902 

G-8905 

G-8913 

G-8914 

G-8917 

G-8918 

G-9057 

G-9060 

G--9066 

G-9348 

G-5848 

G-5850 

G-5851 
G-5853 
G-6125 

G-6248 

G-6251 

G-6255 
G-6259 

G-6342 

G-6367 
G-6468 

G-6555 
G-6697 

G-7107 

G-7108 

G-7116 
G-7119 
G-7123 

G-7466 

G-8628 

G-8859 

G-9026 
G-9053 
G-7075 
G-7045 

G-6701 

G-5842 

G—5988 
G-5976 
G—5989 

G-6122 

G-6149 

G-6157 

131 

Amount 

$10, 900 

36, 800 

34, 100 

41, 600 

20, 700 

31, 300 

14, 500 

11, 700 

33, 500 

6, 900 

32, 800 

10, 000 

4, 000 

4, 400 
20, 000 
6, 200 

22, 000 

11, 600 

9, 200 
3, 200 

15,000 

10,000 
1, 800 

30,000 
15, 000 

7,100 
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Biological oceanography and lim- 
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Research—Continued 

Edmondson, University of 
Washington. 

Byrd, University of Georgia_--- 
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versity. 

Wood, University of Rhode 
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Verduin, Ohio State University_ 
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Moore, Loyola University _--_- 
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Parker, State College of Wash- 
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Hutchinson, Yale University___ 
Brooks, Yale University_.--___- 

Goin, University of Florida_____ 

Herre, Stanford University__-_- 

Thompson, University of Kan- 
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Conant, Zoological Society of 
Philadelphia. 

Hungerford, University of Kan- 
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Young, Indiana University ___-_ 

Inger, Chicago Museum of 
Natural History. 

Hoar, University of British 
Columbia. 

Gordon, University of Califor- 
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Raney, Cornell University _-__-_- 
Facilities: 

Armstrong, Marine Biological 
Laboratory. 

Smith, University of Miami-__-- 

Ketchum, Woods Hole Oceano- 
graphic Institution. 

Bookhout, Duke University-_-- 

Re S. 2692. 

Subject 

Study of Relation Between Nutrient Sup- 
ply and Productivity in Lake Washing- 
on. 

Development of Ochetosomatidae_________ 
Freshwater Fishes of Florida______________ 

Phylogeny of Spiny-Rayed Fishes_________ 
Monographie Study of Micronectidae of 

the World. 
Effect of Light on Growth, CO2 Fixation 
and Morphogenesis in the Water Mold, 
Blastocladiella. 

Aquatic Plant Ecology__-_-.-------------- 

Photosynthesis and Respiration in the 
Aquatic Environment. 

Vertical Migratory Rhythmicity of Micro- 
crustaceans. 

Cause of Loss of Pigmentation in Cave 
Planarians. 

enterspecific Relationships in Anostraca 
Populations. 

Development of a Metalimnetic Oxygdn 
Maximum in Lakes. 

Basie Productivity and Limiting Factors 
in California Lakes. 

Life History and Ecology of the River 
Herrings. 

Copepod-Cladoceran Competition ____-___ 

Paleolimnological Studies___________--____ 
Influence of Water Currents on Relative 
Growth in Cyclomorphic Daphnia. 

Systematics and Evolution of the Amphi- 
ia. 

Monograph of the Genus Usnea in North 
America. 

Life History and Cytogenetics of Repre- 
sentative Species from the Families of 
Green Algae. 

Distribution ard Speciation in the Water 
Snakes. 

Comparative Morphology and Taxonomy 
of the Aquatic and Semiaquatic Hemip- 
tera of the World. 

Taxonomic and Hecological Studies on 
Aquatic Beetles. 

Systematics and Zoogeography of the 
Fresh-Water Fishes of North Borneo. 

Osmoregulatory Function of the Thyroid 
Gland in Flat-Fishes. 

Osmotic Regulation in Euryhaline Fishes_ 

Research in North America Ichthyology__ 

General Support for the Marine Biological 
Laboratory. 

Construction of Laboratory Buildings for 
the Marine Biological Laboratory. 

Ship Operations for Basic Biological 
Oceanographic Research. 

Expansion of Facilities for Research in 
Marine Biology. 

Grant 
No. 

G-6167 

G-6261 
G-6260 

G-6368 
G-6381 

G-7493 

G-8641 

G-8643 

G-8646 

G-8691 

G—8692 

G-8695 

G-8901 

G-8909 

G-8911 

G-8916 
G-9235 

G-8625 

G-8645 

G-8697 

G-9040 

G-9051 

G-9229 

G-9231 

G-8502 

G-8802 

G-9038 

G-8295 

G-8338 

G-8339 

G-8749 

Amount 

$42, 300 

15, 000 
5, 000 

18, 000 
10, 100 

20,000 

4, 400 

3, 100 

5, 750 

6, 500 

6, 500 

5, 800 

23, 300 

13, 700 

20, 300 

25, 000 
18, 500 

2, 000 

5, 000 

12, 600 

10, 300 

35, 600 

14, 000 

6, 800 

7, 200 

18, 600 

13, 700 

105, 000 

162, 500 

250, 000 

78, 500 

Woops Hote, Mass., November 16, 1959. 

COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE, 
New Senate Office Building, 
Washington, D.C. 

GENTLEMEN : Before commenting on the proposed Marine Sciences and Re- 
search Act of 1959 I may state that I am Senior Oceanographer Hmeritus of the 
Woods Hole Oceanographic Institution. I have served as consultant in con- 
nection with marine problems to the Bureau of Ships, Navy Department, the 
Beach Erosion Board and the Weather Bureau and was at one time Chairman 
of the panel on Oceanography of the Committee on Geophysical Sciences, Re- 
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search and Development Board, Department of Defense. I am also a past presi- 
dent of the section on Oceanography of the American Geophysical Union and of 
the American Society of Limnology and Oceanography and am at present chair- 
man of the Committee on Education and Recruitment of the latter organization. 

I am in complete sympathy with the objectives and general provisions of this 
bill. My interest is primarily in the educational provisions because without the 
recruitment of new personnel the full benefits of the program cannot be achieved. 
There is one point of another sort on which I will first comment. 

Section 3 provides for the establishment of a Division of Marine Sciences in 
the National Science Foundation which shall include among its membership 
representatives of various governmental agencies ‘‘and at least six scientists 
from the universities and institutions receiving assistance from the foregoing 
agencies.” I believe that limitation of the civilian membership to those who are 
the direct beneficiaries of the act is not in the public interest and that complete 
freedom should be retained in selecting these representatives. I consequently 
suggest that: 

Page 7, line 14 be altered by inserting a period after the word “Scientist,” 
and that the words “from the universities and institutions receiving assist- 
ance from the foregoing agencies.” be omitted. 

Section 10 (p. 18) relates to appropriations to the Department of Health, 
Education, and Welfare. It is the only section in which specific sums as en- 
visaged by the Committee on Oceanography of the National Academy of Science 
are not stated explicitly. I believe that the intent of Congress should be made 
clear by the following insertion: 

Page 18, line 21 insert after “law.” the sentence “Expenditures for this 
purpose shall not exceed $500,000 in any one year.” 

The necessary recruitment of men into oceanography will require the fullest 
utilization of the university facilities of the country. There exist throughout 
the country numerous institutions devoted to aquatic science, including limnology 
and fisheries many of which were established before oceanography attained its 
present prominence. The basic training developed in these institutions does not 
differ in principle from that required by oceanography and experience has shown 
that such institutions have been a valuable source of oceanographers. Oceanog- 
raphers are now being recruited also from among chemists, physicists, geologists, 
and others who have had little contact with the sea, but have had excellent 
training in disciplines which are essential to the subject. Such men are an 
invaluable source of needed talent. Frequently they have obtained their doctors 
degrees but require a year or two of study at an oceanographic institution to 
complete their training. Explicit provision for postdoctoral fellowships is needed 
in order that this source of talent may be drawn on. 

In view of the foregoing considerations I suggest the following changes in the 
language of the bill: 

Page 3, line 25, after ‘undergraduate” insert “and graduate.” 
Page 4, line 1, after “biology” insert “limnology, meteorology.” 
Page 5, lines 2 and 3 omit “oceanographic” and substitute ‘‘aquatic.” 
Page 9, line 2, after “students” insert ‘‘and post doctoral fellows.” 
Page 24, line 14, after “sciences” insert ‘“, and of fellowships for post 

doctoral training.” 
Page 27, line 23, after “students” insert ‘‘and of post doctoral fellowships.” 
Page 28, line 1, after “these” insert ‘scholarships and.” 

I enclose a copy of S. 2692 amended in accordance with these suggestions so 
that they may be read in context. 

Respectfully submitted. 
ALFRED C, REDFIELD. 

A REPORT BY THE COMMITTEE ON HYDROBIOLOGY OF THE AMERICAN INSTITUTE OF 
BrIoLoGicaL SCIENCES ON THE MacGnuson Brix (S. 2692) 

PREFACE 

The Committee on Hydrobiology of the American Institute of Biological 
Sciences, composed of representatives nominated by several professional societies 
having a direct interest in the aquatic sciences (oceanography and limnology), 
met in Berkeley, Calif., on January 15 and 16, 1960, to study and discuss the 
report of the Committee on Oceanography of the National Academy of Sciences 

and Senate bill 2692. 
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We commend the way in which the bill implements the report of the Committee 
on Oceanography, and strongly endorse its objectives. 

Because aquatic biology is an integral and important part of aquatic science, 
this committee has studied with especial care those aspects of the NASCO report 
and of S. 2692 that pertain to biology. We have concluded that the bill would 
be more effective in achieving its objectives if Some of its provisions were 
modified. 

In response to your request for comments and advice concerning this bill, we 
herewith submit this report of our deliberations. Our recommendations relate to 
three general aspects of the bill; namely, the assignment of responsibilities for 
basic research assigned to various agencies; the education and recruitment of 
aquatic scientists; and the improvement and expansion of facilities for research 
in the aquatic sciences. 
We draw attention to the fact that oceanographic problems differ only in size 

and salt content from those of lakes. Limnological centers and inland colleges 
and universities play important roles in the recruitment and training of aquatic 
scientists, as well as in research applicable both to oceans and lakes. We there- 
fore use the term “aquatic science” in this report, rather than “oceanography,” 
to emphasize the broader aspects of the scientific field and its nationwide 
significance. 

SUPPORT OF BASIC BIOLOGICAL RESEARCH 

Adequate financial support of basic research is essential to the development of 
the aquatic sciences. Funds for such research must therefore be available to all 
institutions engaged, or planning to engage, in the aquatic sciences and their 
supporting scientific fields such as biology, chemistry, geology, mathematics, 
meteorology and physics to an extent justified by the scientific merits of their 
programs. This committee believes that S. 2692, aiming at a considerable ex- 
pansion of oceanographic and limnologic research on a national scale, provides 
insufficient funds to underwrite the basic biological research needed for such an 
effort. We recommend, therefore, that serious consideration be given to in- 
creasing Significantly the amount of money authorized for reSearch in this im- 

portant aspect of aquatic science. 
We also recognize that the success of the proposed expansion of aquatic science 

will be determined largely by the manner in which the funds for the support of 
basic research are administered. We therefore believe that a maximum return 
for the money invested can best be insured by entrusting the administration of 
basic research funds to those Federal agencies which now have prime responsi- 
bilities in this respect and have gained the confidence of the scientific community. 
Consequently, the committee feels that the major proportion of such funds should 
be allocated to these agencies. 

For example, the National Science Foundation seems to us the most appro- 
priate agency to administer the major share of the basic research funds. How- 
ever, the sum of $37,200,000 allocated to the NSF for basic research operations 
over a 10-year period is thought to be wholly inadequate to enable the Foundation 
CEG. to support the fundamental needs of the program envisaged by 

The committee is also convinced that the NSF, with the aid of its advisory 
panels, will wisely administer such funds within the framework of its present 
organization, and hence the creation of a separate Division of Marine Sciences 
should not be required by law. If such a division were established, it would 
probably be necessary to set up subdivisions representing the biological, chemi- 
eal, physical, and earth sciences; and these would duplicate the existing admin- 
istrative structure. 

The Biological Sciences Division of the Office of Naval Research likewise has 
performed exemplary service in supporting basic research in aquatic biology, a 
field that obviously is of interest to the Department of the Navy. This committee 
therefore hopes to see more adequate reference to basic biological problems 
under the description of the mission of the Department of the Navy in S. 2692. 

The Bureau of Commercial Fisheries of the Department of the Interior, 
while clearly in a position to pursue basic research and already authorized to 
grant contracts for this purpose, has a defined major objective in applied) science. 
We believe it desirable to allocate funds to this agency for basic research which 
is directly related to their mission. However, we feel that the sum allotted 
by the bill to the Bureau for basic biological research is disproportionately large 
compared with that allocated to the NSF, the agency responsible for the support 
of basic research in all areas of oceanography and limnology. 
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The Atomic Energy Commission, to which the bill also allots funds for basic 
research, has a special responsibility in aquatic biology, since many problems 
concerned with radioactive contamination are new and insufficiently understood. 
Hence, much of the needed research must be exploratory, and many years will 
be required to develop a sound basis for solving the problems we face. It seems 
proper, therefore, that the AEC administer a share of the funds available for 
basie biological research, and the committee approves the corresponding 
provisions of the bill. 

But we believe that the specific authorization for ‘* * * two major 
open-sea tests of radiological contamination at sea, its effects on marine life, 

and its potential effects for humanity.” * * * is scientifically unsound, because 
the justification for these tests on the basis of the stated biological purposes is 
premature. The committee therefore recommends that this provision be deleted. 

The committee has noted with concern that S. 2692 does not seem to recognize 
the fundamental role of museums as centers of taxonomic and biogeographic 
research, and that it mentions taxonomic studies only in connection with the 
Bureau of Commercial Fisheries. 
Taxonomy constitutes an indispensable basis for biological research. Studies 

in this area have long been associated primarily with university-connected and 
independent museums, rather than with the Bureau of Commercial Fisheries. 
Special mention should be made of the U.S. National Museum (Smithsonian 
Institution), an independent branch of the Federal Government and one of the 
major world institutions serving biologists engaged in taxonomic research. We 
therefore believe that the reference to taxonomic studies exclusively in con- 
nection with the Bureau of Commercial Fisheries might unduly restrain develop- 
ments in this fundamental research area, and that other institutions engaged in 
taxonomic research should qualify for a commensurate share of the research 
funds. The need for this also follows from the large additional burden which 
the expanded activities authorized by the bill will place on museum personnel. 

The committee concurs in the sound policy that no agency should be assigned 
the responsibility of monitoring itself. We thus agree with the bill’s provision 
which specifies that regulation and monitoring of the introduction of radioactive 
materials into the ocean or other waters should be carried out by appropriate 
agencies outside the AEC. We emphasize, however, that adherence to the prin- 
ciple mentioned above implies that such operations should be financed by funds 
allotted directly to the agencies responsible for these activities, rather than 
through the AKC, as provided by the bill. 

As another matter of principle, we believe that an operating agency of the 
Federal Government should not be empowered by law to give direction to 
another. For this reason we feel that provisions such as the incorporation of 
project TENOC, developed by the Department of the Navy, in the program of 
the NSF should be deleted, since this directive infringes on the freedom of the 
Foundation to dispense Federal research funds according to its established 
practices. Moreover, this clause is superfluous inasmuch as sections 13 and 
14 of S. 2692 authorize the Department of the Navy to conduct its TENOC 
program, and existing law also permits the coordination between agencies that 
may be needed in such a long-range program. 

For the same reasons we recommend deletion of section 13(f), lines 14 to 17, 
providing that the Department of the Navy may recommend to the NSF institu- 
tions qualified to participate in the Navy-sponsored scholarship program. 

An important purpose of 8S. 2692 is the encouragement and support of the 
establishment and expansion of new and existing research centers for the 
aquatic sciences. We agree that this is desirable, and therefore endorse the bill’s 
provision that especially designed research ships be constructed as part of 
the developing program. 

However, we believe that some of the specifications pertaining to the use of 
these ships are unduly restrictive. We are deeply concerned about the provision 
that they be made available to “* * * State institutions engaged to [in] oce- 
anographic research requiring ocean-going scientific ships, with preference 
given to such institutions which have engaged in such research prior to this 
act.” This proviso discriminates against private institutions as well as against 
institutions which have not conducted oceanographie research prior to the enact- 
ment of the bill. We fear that it would have the effect of hampering one of the 
bill’s avowed purposes, and recommend that such restrictive clauses be deleted. 
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EDUCATION AND RECRUITMENT 

Successful expansion of research in oceanography, as proposed in 8S. 2692, will 
depend largely on attracting talented personnel to the field. Although no 
panacea is in view, the provision of scholarships and fellowships will contribute 
to recruitment in an important way. HPxisting support of this type is inadequate. 

To make optimum use of the educational facilities of our country, and to attract 
into specialized research in aquatic science highly competent people already 
trained in the basic natural sciences it is essential to provide also for post- 
doctoral fellowships. We recommend that consideration be given to the addition 
of such fellowships to the program proposed. 

In addition to these provisions for fellowships, it is also important to assure 
many more career positions in the aquatic sciences than now exist. These should 
be established in new as well as in existing centers. We would, therefore, approve 
more explicit inclusion of this provision in the bill. 

FACILITIES 

Aquatic science is particularly dependent on facilities. In general, the facili- 
ties most urgently needed for an expanded program in aquatic science are (1) 
large research ships, (2) smaller research vessels, (3) ships available to smaller 
institutions for research and training, (4) appropriate shore facilities, and (5) 
equipment and devices. The committee believes that certain aspects of the bill 
should be strengthened with respect to these facilities. 

Provisions are made for large research ships. Additional funds are also 
needed, but not provided, for building, outfitting, and operating smaller research 
vessels for offshore, inshore, estuarine, and lacustrine work. The cost of such 
smaller vessels is well below that of the large ships provided for, but exceeds 
the amounts generally available in grants or contracts from existing sources. 
Therefore, the committee deems it desirable that funds for small vessels be 
specifically included in the program. 

Cooperatively used research and training ships which would permit smaller 
institutions and inland colleges and universities to participate more effectively 
in the expanding program in aquatic science also should be specifically provided. 

The committee believes that funds provided in the bill for shore facilities to 
support oceanographic research are unrealistically small, since laboratory space 
is a serious national limitation in ‘all branches of science. There are many in- 
stitutions active in aquatic sciences now which are crowded and inadequately 
equipped. Their needs must be met and, in addition, new centers should be 
established. In this connection it should be emphasized that shore facilities 
include basic research laboratories as well as those special facilities needed in 
support of research vessels. This is implicit in the bill as written, but would 
clearly benefit from more explicit statements. 

Respectfully submitted. 
ROBERT W. HIATT, 

Chairman, Committee on Hydrobiology, 
American Institute of Biological Sciences. 

AIBS Committee on Hydrobiology : 
Theodore H. Bullock, University of California. 
Arthur D. Hasler, University of Wisconsin. 
Robert W. Hiatt, University of Hawaii. 
Bostwick H. Ketchum, Woods Hole Oceanographic Institution. 
Charles E. Lane, University of Miami Marine Laboratory. 
Dixie Lee Ray, University of Washington. 
William B. Schevill, Woods Hole Oceanographic Institution. 
Cornelis B. van Niel, Stanford University. 
Talbot H. Waterman, Yale University. 

UNIVERSITY OF HAWAII, 
Honolulu, Hawaii, April 18, 1960. 

Hon. Senator WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce: 

The Committee on Hydrobiology of the American Institute of Biological Sci- 

ences met in San Francisco on April 18 and 14 to discuss further 8. 2692 and 

the many comments received on our report to you concerning recommendations 

for modifying certain provisions of the bill to make it more effective in achieving 
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its objectives. Because of the hearings scheduled on this bill before your 
committee on April 20 and 21, we should like to reaffirm our original report, and 
request that it be read into the minutes of the committee meeting. Further- 
more, we request that Dr. Bostwick H. Ketchum, Woods Hole Oceanographic 
Institution, be invited to appear at your committee hearings to present testi- 
mony on behalf of this AIBS committee. 
We wish to stress particularly our opinions concerning the support of basic 

biological research in Oceanography, as well as our stand on the specific au- 
thorization for two major open-sea tests of radiological contamination at sea. 

With respect to the support of basic biological research in oceanography we 
stand firm in our belief that those Federal agencies now having the prime respon- 
sibilities for providing basic research funds to the nation’s scientists in this 
broad field are adequate, ‘and suitable. Moreover, they have the full confidence 
of the scientific community. However, they will need much larger budgets to 
expand such research significantly. We believe, also, that the Bureau of Com- 
mercial Fisheries should suport much more research of a basic nature, especially 
within its own organization, to carry out effectively its mission of developing 
and conserving the nation’s renewable aquatic natural resources. 

To accomplish the Bureau’s objectives substantially more funds than they 
now reecive must be made availabel to it, but the recommended allotment of 
funds in S. 2692 to this agency and to the National Science Foundation, the 
agency which should administer the major share of basic research funds in all 
fields of oceanography, is disproportionate. We do not imply that the allot- 
ment specified for the Bureau is necessarily too large, for this amount will 
have to be adjudicated in relation to their mission established by law; but 
we believe that the amount allotted to the National Science Foundation must 
proportionately be greater because of its broader responsibilities in support of 
basic research in all aspects of the aquatic sciences. 

In regard to the proposed open-sea tests of radiological contamination we 
Stand firmly behind our earlier opinion that the authorization of “* * * two 
major open-sea tests of radiological contamination at sea, its effects on marine 
life, and its potential effects on humanity” is scientifically unsound, and that 
the justification for them, based on the stated biological purposes, is premature. 
We take this view because it seems unwise at the present time to release 

large amounts of radioactive isotopes (from any source) directly into the sea, 
because so little data from radiological surveys of organisms from contaminated 
areas can be correlated with results from controlled laboratory experiments. 
This means that at this time there is no way to predict the minimum and maxi- 
mum quantities of any radioactive element which might be accumulated by 
any single organism or group of organisms, notwithstanding the fact that such 
predictions would have to be extrapolated and the errors compounded several 
times from the lowest level of life in the sea up the food chains to reach the 
higher levels of life used directly by man as food. 

If such open-sea tests are experimental, as we understand their implications, 
then the experiments must be devised to test assumption based on theoretical 
or experimental bases. Controlled laboratory experiments designed to elucidate 
the fate of radioactive substances released into marine environments have not 
yet been sufficiently extensive or intensive to present satisfactory evidence upon 
which to carry out open-sea experiments and interpretations thereof. 

Sincerely yours, 
Rosert W. HIatt, 

Chairman, AIBS Committee on Hydrobiology. 

AIBS Committee on Hydrobiology 
R. Bolin, Stanford University. 
Theodore H. Bullock, University of California. 
Arthur D. Hasler, University of Wisconsin. 
J. Hedgpeth, College of Pacific. 
Robert W. Hiatt, University of Hawaii. 
Bostwick H. Ketchum, Woods Hole Oceanographic Institution. 
Charles E. Lane, University of Miami Marine Laboratory. 
Dixy Lee Ray, University of Washington. 
William E. Schevill, Woods Hole Oceanographic Institution. 
Cornelis B. van Niel, Stanford University. 
Talbot H. Waterman, Yale University. 
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DUKE UNIVERSITY, 
DEPARTMENT OF ZOOLOGY, 

Durham, N.C., December 17, 1959. 

COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE, 
New Senate Office Building, Washinyton, D.C. 

DEAR Sires: We appreciate being sent a copy of bill 8S. 2692 by Senator Mag- 
nuson and the invitation to send our comments to your committee. Oceanogra- 
phy is one of the major research fields that has been inadequately supported 
in the past and it is of the utmost importance that such research be pushed 
forward as rapidly as possible. In the bill the following statement appears 
under ‘Declaration of Policy,” “that sound national policy requires that the 
United States not be excelled in the fields of oceanographic research, basic, 
military, or applied, by any nation which may presently or in the future 
threaten our general welfare, ete.” It is to be regretted that oceanography, 
as well as other basic sciences, has to be tied into the cold war with Russia 
to obtain adequate support. If such be the case, however, the United States 
suffers from comparison. Russia has more and larger oceanographic vessels 
than any other country in the world. From published accounts and reports 

the Russians gave at the September 1959 International Oceanographie Con- 
gress in New York, it can be safely stated that their research has been thorough 
in all phases of oceanography. They have been concerned with basic research 
which could have little relation to the military effort as well as with practical 
problems. They have made thorough surveys of large areas of the Arctic, 
Indian, and Pacific Oceans, and less extensive ones of the Atlantic. 

Thus, it will take the marine scientists of the United States considerable time 
to equal the Russians in oceanographic research productivity. To carry out 
the declaration of policy of the Magnuson Dill, it is of the utmost importance 
that all marine scientists be enlisted in the Tenoc program including those 
from universities, state and private laboratories, as well as those from Federal 
laboratories. 

AS members of the Executive Committee of the Duke University Marine 
Laboratory, we are particularly concerned with the sections of the bill that 
include biological oceanography. Wach member of the executive committee 
of our laboratory has studied the Magnuson bill and offered suggestions. 
After considerable and thoughtful discussion, those which we believe to have 
merit are summarized in the following paragraphs. 

The Executive Committee of the Duke University Marine Laboratory, Beau- 
fort, N.C., approves of the general philosophy of the Magnuson bill. We should 
like, however, to offer the following suggestions for consideration : 

(1) We have the utmost confidence in the National Science Foundation and 
know that this agency is capable of assuming the responsibilities recommended 
in the bill on pages 1-8. 

(2) We wish to emphasize the importance of evaluating the research work 
(e, p. 6) sponsored by the Office of Naval Research, National Science Foun- 
dation, the Atomic Hnergy Commission, and the Bureau of Commercial Fisheries 
in various fields of. oceanography. We recommend that areas of research be 
assigned and money be allotted to each agency for the Tenoc program on the 
basis of quality of research done and competence of the scientists supported 
by each agency in the past. 

(3) It is the policy of the Office of Naval Research, the National Science 
Foundation, and the Atomic Hnergy Commission to accept research proposals 
and have them evaluated wholly on the basis of scientific merit by a panel 
of competent scientists. If the proposal is approved, the grantee or contractor 
is notified promptly and money, if available, is allocated to the project. The 
Bureau of Commercial Fisheries, on the other hand, operates in quite a different 
fashion. Like the above agencies, this bureau will accept research proposals 
from outside scientists; however, in many eases, representatives of the Bureau 
of Commercial Fisheries alone decide whether or not the proposal will be con- 
sidered. If an examination is made of the manner in which Saltonstall-Kennedy 
funds have been spent, we believe it can be shown that very few contracts 
were let to scientists affiliated with State or university-affiliated marine 
laboratories. 

We propose, therefore, that provisions be made in the bill for the Bureau 
of Commercial Fisheries to handle research proposals in the same manner as 
do the Atomic Hnergy Commission, the National Science Foundation, and the 
Office of Naval Research. In short, we believe paragraph (g) on page 10 is 
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entirely too weak. It places educational institutions, private and State marine 
laboratories completely at the mercy of the Bureau of Commercial Fisheries 
as they have been when they tried to obtain contracts under the Saltonstall- 

Kennedy Act. 
(4) It is noted that the Bureau of Commercial Fisheries will handle most 

of the funds for biological oceanography. On page 13 it is suggested, for ex- 
ample, that it be given sums of money to carry out investigations in (c) 
marine population sampling, biological surveys, ecological mapping, taxonomic 
development, genetics of marine organisms and estuarine studies. We believe 
that these are problems in basic research, many of which can be efficiently 
earried out by marine biologists in private and State laboratories. Many of 
the scientists in these latter laboratories have a great deal of experience in 
these areas and this experience should not be wasted. Up to now, basic studies 
in marine biology conducted by, or with the aid of, these investigators have 
been largely supported by the National Science Foundation, and this support 
should continue. Of course, some basic research problems (such as large-scale 
population sampling of oceanic fishes, for example) are perhaps better con- 
ducted by the Bureau of Commercial Fisheries. Nevertheless, the marine 
biologists in the Bureau have up to now been more concerned with applied 
research such as pond fish culture, fisheries exploration, the utilization of 
marine products for human and animal consumption, etc. 

Therefore, we suggest that the bill be altered to make certain that marine 
biologists in private and State laboratories be given an opportunity to share 
in the basic biological research to ve supported by funds of the Tenoc program 
equal to that given biologists associated with the Bureau of Commercial Fish- 
eries. A major part of the funds allotted for basic research in marine biology 
should, therefore, be assigned to the proposed Division of Marine Sciences of 
the National Science Foundation. 

(5) It is recommended that all oceanographic vessels carry scientists in bio- 
logical, chemical, geological, and physical oceanography and that plans be 
made for each group to do its work effectively. It is necessary that the results 
of research by marine biologists be correlated with the findings of the physical 
oceanographers, and vice versa. This bringing together of biological and 
physical data is of fundamental importance in understanding the complexities 
of the oceans. 

(6) It is recommended that section 13(c) which relates to the construction 
and operation of shore facilities and laboratories, should specify the support 
of research in all areas of oceanography including biological, chemical, geo- 
logical, and physical studies. 

(7) Section 3(b), page 7. The last line in this section is vague. Why is 
the provision made that the Division of Marine Sciences shall include “at least 
six scientists from the universities and institutions receiving assistance from 
the foregoing agencies”? Why not make this just “six oceanographic scientists 
from universities and institutions, some of whom, at least, should be marine 
biologists’? 
We again thank you for the opportunity to review the bill and hope that our 

proposals will be given serious consideration. 
Sincerely yours, 

THE EXECUTIVE COMMITTEE OF THE DUKE 
UNIVERSITY MARINE LABORATORY, 

C. G. BooxHovut, 
Director. 

F. JoHN VERNBERG, 
Assistant Director for Research, 
Duke University Marine Laboratory. 

KarL M. WILBUR, 
Chairman, Zoology Department. 

I, EB. Gray, 
Professor of Zoology. 

Wanpba S. HuNTER, 
Associate Professor of Zoology. 

H. J. Oostine, 
Chairman, Botany Department. 

W. DwicutT BILLINGs, 
Professor of Botany. 

TERRY W. JOHNSON, Jr., 
Associate Professor of Botany. 

55401—60—_10 
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UNIVERSITY oF Miami, THE MARINE LABORATORY, 
Virginia Key, Miami, Fla., February 24, 1960. 

Hon. WARREN G. MAGNUSON, 
Congress of the United States, 
U.S. Senate, Washington, D.C. 

Dear SENATOR MaGnuson: May I express my appreciation to you for your 
bill on oceanography (S. 2692). I am happy to endorse the bill in its general 
aspects, and especially as it relates to biological oceanography and fisheries. 
I have noticed, however, with a good deal of surprise some of the recent 
criticisms, especially by biologists. I am convinced that many of them are based 
on a lack of understanding of the situation. 

Several groups and individuals have taken an ill-informed and excessively 
critical position in regard to the role of the Bureau of Commercial Wisheries in 
basic research, following this attack by stating that the Bureau should not be 
entrusted with the support of such research. As you know, the committee on 
oceanography, including men with the highest qualifications among the various 
branches of science in the country, spent some 2 years evaluating the program 
and performance of the agencies which sponsored the study, including the Fish 
and Wildlife Service. Their report, on which your bill is based, implied a high 
degree of confidence in the quality of the work of the Bureau of Commercial 
Fisheries. This view is concurred in by myself and by many other persons 
familiar with fishery research in this country. 

The eritics whose epinions I have seen are in many cases unqualified to judge 
this matter through lack of contact with the work and of careful study of the 
facts. They particularly question whether the Bureau of Commercial Fisheries 
has carried out or has the ability to carry out, or support, basic research in the 
fisheries. Most scientists find it very hard to define “basic” research and even 
harder to draw a line between “basic” and “applied.” It is, therefore, not par- 
ticularly useful to argue about the Bureau of Commercial Fisheries’ record in 
basic research, as opposed to applied but since this record has come under 
criticism, I will attempt to refute it by mentioning some of the activities of the 
Bureau which are undeniably “basic.” 

These include the discovery of a deep equatorial countercurrent in the Pacific 
(widely regarded as the most important oceanographic discovery since the war) ; 
the methods of culturing larvae of invertebrates, including mussels and clams; 
work on the uptake and concentration of radioactive substances by marine organ- 
isms; the distribution of salmon in the high seas; the taxonomy program of the 
Bureau in the Smithsonian Institution. 

This does not pretend to be a complete list of even the most important pro- 
grams of basic research of the Bureau, but it Should serve to deny statements 
about the interest and skill of the Bureau in this area. Their ability to do this 
should be enhanced and this has already been provided for in your bill. 

I am anxious also to see the Bureau of Commercial Fisheries given the author- 
ity and the proper means of supporting basic research in fisheries outside their 
own laboratories. They do not now have the proper authority and means. ‘This, 
again, is not realized by the critics. The Saltonstall-Kennedy program is so 
constituted that the money can be used by the Bureau either to increase its own 
program, or to contract with others to do specific jobs. This creates an internal 
conflict in the Bureau of Commercial Fisheries which is being more and more 
resolved for them by the Bureau of the Budget, which substitutes Saltonstall- 
Kennedy money for regular appropriations, thereby gradually removing these 
special funds from their original purpose. What is needed is funds for grants 
for basic fisheries research. 

The National Science Foundation has been suggested as the proper agency to 
receive all the money for research grants and contracts under the bill. NSF, 
as you are fully aware, has a broad responsibility to support basie research on a 
nationwide and sciencewide basis. NSE has, on occasion, operated in special 
fields on a crisis basis, but this is not their chief responsibility nor their intended 
role. In the long run, we cannot expect them to maintain a sustained interest 
at a high level of support in any special field, including oceanography. 

On the other hand, the Navy has a clear mission to operate in the field of 
oceanography. Its activities, by necessity, are largely in the physical aspects and 
not in the biological and fisheries aspects. This leaves a gap which must be 
filled, I feel, by the Bureau of Commercial Fisheries, since here is where the 
responsibility for fishery research is placed in the Government complex. It is 
necessary, then, to give them the capability of supporting such work, in addition 
to their own research. 
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In other fields, this dual role, of conducting its own research and of supporting 
research through grants and contracts to universities and other institutions, is 

being played actively and successfully by other Government agencies. The Navy 
(with a large granting unit in ONR), the National Institutes of Health, and the 
Department of Agriculture are good examples of this. 

It appears important for the Nation to make more use of the many excellent 
facilities for research in the universities and independent laboratories. It will 
not be questioned, I think, that the fisheries are in great need of all the scientific 
assistance they can get, in addition to that supplied by the Federal Government, 
Furthermore, the training of oceanographers and fishery scientists that accom- 
panies the research in universities, and which would be greatly strengthened by 
long-term support of research there, is vital to the Nation in supplying a reserve 
of scientific personnel to staff the increased programs envisioned by your bill. 

Section 5 of your bill gives the Bureau of Commercial Fisheries authority and 
direction to “make grants * * * for basic and applied research programs * * *”, 
but section 6 does not clearly follow this with authorizations of appropriations, 
Since section 6e authorizes funds for studies “of utilization of marine products 
for human consumption * * * ete.,” while the funds for “marine population 
sampling, biological surveys, ete.,” are given solely to supplement the Bureau 
of Commercial Fisheries’ budget. Furthermore, the money in section 6e can, 
apparently, be used either by the Bureau itself or be used for grants and con- 
tracts. This opens the way to the same fatal difficulties faced by the Saltonstall- 
Kennedy program. 

It is suggested that the intent of section 5, that the Bureau of Commercial 
Fisheries make grants and contracts, be spelled out more clearly in section 6. 
I suggest that half the sums named in sections 6d and 6e should be set aside for 
grants and contracts, the other half to be used by the Bureau to expand its own 

operation. 
The Bureau of Commercial Fisheries would set up an office to handle grants 

and contracts under this system. They should, I think, also use the system em- 
ployed by NSF and NIH, sending proposals to a committee (permanent or ad hoe, 
or a mixture) of qualified scientists outside the Government for evaluation. In 
this way the scientific merit of proposals would be given a harder scrutiny than 
they would if only Bureau personnel read them. 

I have discussed these proposals with the Director and some of his staff in 
the Bureau of Commercial Fisheries, and have received a favorable reaction. 

I would be pleased to discuss this matter further with you and I would appre- 
ciate the privilege of testifying when the bill is considered in committee. I hope 
it will come up soon. Would you be good enough to tell me whether hearings 
have been scheduled? 

Please be assured of my deep interest in seeing your bill passed, and of my 
appreciation for the fine efforts you have made in behalf of the fisheries of the 
United States in sponsoring this legislation. 

Sincerely, 
CP ilpyan, 

Head, Fisheries Division. 

THE OHIO STATE UNIVERSITY, 
NATURAL RESOURCES INSTITUTE, 

Columbus, Ohio, March 25, 1960. 

Hon. WARREN G. MAGNUSON, 
Congress of the United States, 
U.S. Senate, Washington, D.C. 

Dear SENATOR Macnuson : I have learned recently of your bill on oceanography 
(S. 2692) and wish to express appreciation for your interest and initiative in 
preparing and introducing this desirable legislation. There is, as you have 
observed a critical need for basic research concerning our great coastal and in- 
land waters, particularly as it relates to basic productivity of food fishes. Basic 
research in this area has suffered both from lack of support and especially from 
lack of consistent support for the long-range studies. 

In our experience, the National Science Foundation has not proved to be a 
satisfactory source of support for such studies. There seems to be a feeling 
that any study which has any possibility of practical application is not eligible 
for support from that source. There is thus a need for a basic fisheries research 
program administered by an agency which is concerned with the outcome of such 
research. 
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It has been reported that there has been some criticism of that part of the 
bill which provides for administration of research grants through the Bureau 
of Commercial Fisheries. This criticism is based on the allegation that that 
agency does not have the ability to carry out or support basic fisheries research. 
In my experience with the Bureau, this is not a valid criticism. I have had close 
contact with the Bureau, both as a former administrator of a State fish and 
game agency and more recently as a member of the U.S. Scientific Advisory Com- 
mittee to the Great Lakes Fishery Commission. In both capacities, I have been 
favorably impressed with the appreciation of the need for basic research on 
the part of the Bureau and their capacity to conduct such research. There are, 
to my knowledge, few better examples than the splendid basic research con- 
ducted through the Bureau which has led to the present methods of experi- 
mental control of the sea lamprey in the Great Lakes. 

I would wholeheartedly concur in those provisions of the bill which give to 
the Bureau flexibility in making grants or entering into contracts with agencies 
such as universities and private research groups who are in the best position 
to conduct basic research in this area. 

I hope that you will be successful in getting this bill favorably considered by 
the Congress. 

Sincerely yours, 
CHARLES A. DAMBACH, 

Director, Natural Resources Institute. 

SHIPBUILDERS COUNCIL of AMERICA, 
New York, N.Y., April 19, 1960. 

Hon. WARREN G. MaGnuson, 
Chairman, Commitee on Interstate and Foreign Commerce, 
Senate Office Building, Washington, D.C. 

DEAR SENATOR Magnuson: It is understood that hearings will be held by the 
committee of which you are chairman on April 20 and 21 on S. 2692, to be 
entitled Marine Sciences and Research Act of 1959. 

Early in 1959, before this bill was introduced, the council sent letters to 
several legislators including Congressman Miller, chairman of a Special Sub- 
committee on Oceanography, Committee on Merchant Marine and Fisheries, en- 
dorsing the need for increased oceanographic research and study. 

The council desires to go on record at this time as strongly supporting 
S. 2692. 

It is noted that section 14 of S. 2692 covers authorizations for appropriations 
to the Department of the Navy for a 10-year program for a total of 24 ships 
of varying types as listed in section 14. It is suggested that the Navy be di- 
rected to have these ships constructed in private shipyards of the United States. 

The incorporation of this letter in the record of the hearing will be greatly 
appreciated. 

Sincerely yours, 
L. R. Sanrorp, President. 

AGRICULTURAL AND MECHANICAL COLLEGE OF TEXAS, 
DEPARTMENT OF OCEANOGRAPHY AND METEOROLOGY, 

College Station, Tex., March 8, 1960. 
Hon. WARREN G. MAGNUSON, 
U.S. Senate, New Senate Office Building, 
Washington, D.C. 

Sir: I am writing with reference to your proposed bill S. 2692 entitled “Marine 
Resources and Research Act of 1959.” I wish to express my appreciation for 
the interest that you and your committee members have shown by the hearings 
and your proposed bill. I am sure that all oceanographers are aware of your 
sincere efforts. 

There are two specific parts of the bill on which I would like to comment. 
(a) On page 7, lines 5 to 15, the bill directs that a division of marine sciences 

be set up in the National Science Foundation. It also states that “at least six 
scientists from the universities and institutions receiving assistance from the 
foregoing agencies” will be included as members of this board. 'The inclusion of 
board members from nongovernmental agencies is quite desirable. My question 
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arises from the above stipulation. If the members were selected from organiza- 
tions receiving financial assistance for oceanographic research some problems 
may arise. The recipients of funds may find it difficult if not awkward to de- 
cide on certain funding problems if this were a function of the board. They 
may likewise find themselves in a similar situation with respect to advising on 
the type of research endeavors necessary in oceanography. In view of this I 
feel that at least some of the nongovernmental members should be selected from 
a much larger segment of the scientific community. It may be difficult to find 
scientific organizations who do not receive support from the Office of Naval Re- 
search, Atomic Energy Commission, ete., however, there are those who do not 
receive support of oceanographic studies. I think that these should be included 
in the potential membership. 

(0) On page 9, item f, the sum of $3 million is requested for fellowships. I 
agree that additional fellowships in science are urgently needed. However, I 
question the stipulation ‘‘to graduate students training to become professional 
oceanographers.” All fellowships in the sciences should be on a single competi- 
tive basis. Only those oceanographers or potential oceanographers who can 
compete with the best of the chemists, geologists, physicists, ete. should be con- 
sidered. If a tight disciplinary system were set up it would result in situations 
where a less qualified individual in one field obtained a fellowship at the expense 
of a far more qualified person in another area. We cannot afford this; with 
limited fellowship funds only the most qualified can be considered regardless of 
discipline. If oceanography or any other discipline cannot attract the capable 
qualified student, it should surely not be guaranteed fellowship support. 
Again let me express my appreciation for your interest in the science of 

oceanography. 

Very truly yours, 
RicHARD G. BADER, 

Associate Professor of Oceanography. 

VIRGINIA FISHERIES LABORATORY, 
Gloucester Point, Va., October 8, 1959. 

Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S. Senate, Washington, D.C. 

DEAR SENATOR Magnuson: I appreciate your sending me a copy of Senate bill 
2692 pertaining to oceanography. It is a very interesting document and will 
probably instrument expansion of scientific effort in a vital field. You and the 
committee are to be complimented. 

After careful study of the bill I have several suggestions: 
(1) Estuarine and inshore oceanographic studies should be specifically em- 

phasized more. Though an understanding of the offshore ocean areas and depths 
is vital, the continental shelf and its overlying waters and the basy and tidal 
rivers are biologically more important (if such a comparison can be made) and 
a significant portion of the funds in the proposed expanded program should be 
expended on understanding this area of the hydrosphere. 

(2) The proposed ships should be so designed, constructed and operated that 
biological oceanography is fully provided for. These ships should be so con- 
structed as to permit maximum possible observational use at each station and 
completion of the work at sea. I was favorably impressed with the Russian 
vessel Lomonosov in this regard. In other words, all disciplines should be served 

at sea at once, where possible. 
(3) The shore facilities should also be adequately equipped and staffed for 

biological oceanography both in estuarine and inshore work and offshore ocean- 

ographie problems. ; 

(4) By its very nature, involving the phenomena of physics and chemistry as 

well as added complicating phenomena of the biological realm—the life proc- 

esses, biological research is usually much more complex and difficult than that 

of other disciplines; therefore, a large proportion of the program should be de- 

voted to biological oceanography. i “ 

(5) The amount allotted to the National Science Foundation for basic re- 

search in oceanography is far too small. It should be at least $10 million a year 

or $100 million for the 10-year program. If past performance is any criterion 

this basic research will, in the long run, be the most productive portion of the 

program. It should be supported accordingly. (In the past amounts appro- 
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priated to the NSF programs have been far less than those allotted tuo other 
granting agencies. Thisis shortsighted, false economy. ) 

(6) Under the Atomic Energy Committee allotment the sum of $100,000 a year 
for studies of the genetic effects of radioactivity on marine organisms seems far 
too low judging from the importance of this subject and the difficulties inherent 
in this type of research. The sum should probably be $1 million a year. 
May I point out that one of the best ways to promote rapid expansion of ocean- 

ographic research, biological and physical, is to make facility grants, fellowships, 
personnel grants, equipment grants, and research project grants available to 
universities, colleges and State and private research institutions. Thus, existing 
marine programs, facilities, and personnel are utilized to their fullest. It seems 
likely that expansion can probably be most rapid in biological oceanography be- 
cause there are more biological oceanographers (marine biologists, and allied 
biological workers) than physical oceanographers. This is probably all to the 
good because, aS was mentioned above, biological problems are usually the most 
difficult and at the same time of most immediate and significant interest and 
value. (However, all disciplines are important and interdependent. ) 

In closing, may I reiterate that all disciplines of oceanography need the boost 
provided by this legislative action. It is vital to wise use of marine resourees, to 
preparing for future population expansion, to understand our planet and its his- 
tory, and to our national defense. The chief reason why we now know so little 
is that funds and interest in marine research have been far too small. 

I will be glad to assist your program in any way possible. 
With best wishes for success in your efforts, I am, 

Sincerely, 
WILLIAM J. Harcis, Jr., Ph. D., Director. 

STATE oF MAINE, 
DEPARTMENT OF SEA AND SHORE FISHERIES, 

State House, Augusta, November 30, 1959. 
Hon. WARREN G. MAGNUSON, 
Chairman, Conunittee on Interstate and Foreign Commerce, 
Washington, D.C. 

DEAR SENATOR MAGNUSON : We were very pleased to receive a copy of your com- 
mittee bill, S. 2692, with your request for comments. 

The scope and general farsighted provisions of the bill are impressive and its 
sponsors and supporters are to be congratulated. We are naturally proud that 
Margaret Chase Smith is one of the sponsors of the bill. We do have a number of 
comments in regard to this document. 

Starting on page 3, item 4, certain disciplines are listed as being good back- 
ground for advanced degree work. Why not add mathematics and meteorology 
because of their direct and important application in the marine field? 
We believe that more emphasis should be given to the role of State agencies 

and their research facilities. Reference to State participation is conspicuously 
absent in a number of sections of the bill where cooperative endeavors are men- 
tioned ; for example, on page 5 starting on line 19, subsection (c). Likewise, on 
page 16, lines 4 and 5, State institutions are mentioned, but not agencies. In 
Maine, marine research work is carried out by a State department. Therefore we 
are concerned when specific references mention institutions and not agencies of 

State government. 
Considering the relatively large sums of money that are being considered for 

equipment and facilities, we believe that the money to be made available for 
fellowships, grants, and other academic aid is very inadequate. Ship and shore 
facilities will have to be staffed and the marine sciences will have to compete 
with the current glamour and sppeal to youth of research in the realm of outer 
space. In contrast and using specific items, page 8, subsection (e), $10 million 
a year will be spent on specialized equipment. Yet on page 9(f) only $300,000 
a year will go for graduate fellowships. This may well satisfy the expected 
need of those wishing to prepare for Ph. D. degrees, but appears to be a small 
amount of money in providing for the need of people working for master’s 
degrees, who will be needed in great numbers. 

Although fisheries resources studies and the utilization of marine products for 
human consumption are included, page 13, subsection (d), we question whether 
or not these references and the money considered give proper weight to the value 
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of biological oceanographic and estuarine work, considering the interrelation of 
the various portions of the marine environment. 

If our country is to be strong in the marine fields in all segments, it will be 
necessary to upgrade the economic status of the industry, although this aspect 
of the development of the fisheries is alluded to in page 13, subsection (e), we 
question if relatively enough money is being spent on learning more about the 
economic, social, and legal phases of the industry. 

We do hope this bill, or an amended version can be enacted, and money made 
available to implement it, at the coming session of Congress. 

Sincerely, 
Rosert L. Dow, Research Director. 

STATE OF CALIFORNIA 
DEPARTMENT OF FISH AND GAME, 

Sacramento, Calif., March 1, 1960. 
Hon. WARREN G. MAGNnuUSsON, 
Chairman, Comnvittee on Interstate and Foreign Commerce, 
U.S. Senate, Washington, D.d. 

Dear SENATOR Macnuson: This is in reply to your request for comments on 
your bill, S. 2692, a bill to advance the marine sciences and to establish a com- 
prehensive 10-year program of oceanographic research and studies. Several 
requests for comments were addressed to members of this department. Their 
comments are consolidated in this one reply. 
We would like to take this opportunity to congratulate you for sponsoring a 

bill which will be the means of bringing about an increased understanding of the 
marine environment. The people of the entire world must turn more to the ocean 
as a source of food, not to mention a place of recreation. Our knowledge of the 
sea and its resources must be brought to at least a par with our fast-growing 
knowledge of outer space. 

Perhaps it is because we are close to the problems as we see them in our 
everyday work, but it seems that your excellent bill has by implication slighted 
two totally different aspects of ocean research. I am sure that this was not 
intended, and I would like to suggest that the bill could be strengthened by 
taking these aspects into consideration. Slight amendments would be sufficient. 

I refer first to the insistent emphasis on physical oceanography throughout 
S. 2692 as compared to the modest mention of biological research, and second 
to the virtual omission of research agencies other than the Federal Government 
and universities. 

As you know, there is a twofold approach to a study of the sea—physical and 
biological. The physical approach, of course, is of extreme importance to the 
satisfactory understanding of an area where defense fleets operate, where 
commerce moves, and where fisheries and mineral resources exist. We do not 
wish to play down the importance of physical studies which have been dramatized 
so effectively in man’s imminent conquest of outer space and atomic energy. At 
the same time, we feel that the biological aspects of the ocean are important 
from their strategic and food-producing significance and are equally demanding 
of expanded researeh. 

The emphasis is on physical oceanography throughout the bill, but I should 
like to call your attention to those specific statements which could be improved. 

Following a most excellent general declaration of policy, the bill on page 3, 
line 24 commences to stress oceanography. Perhaps this is because the term 
“oceanography” as used throughout the bill is intended to refer to marine science 
as a whole. If so, I would suggest changing the words “oceanography” and 
“oceanographer” to “marine science” and “marine scientist.” Otherwise there 
will be considerable misunderstanding of the purpose of the bill. Of all the 
many branches of marine and allied sciences, oceanography is only one. 

On page 4, lines 8, 12, and 23 we find reference to oceanography whereas on 
line 20 there is a reference to marine sciences. On page 5, lines 17 and 18, both 
terms are used in such way as to leave the meaning unclear. On page 8 appear 
many references to oceanography which might imply exclusion of other marine 
sciences, and also at the top of page 9. 

Of perhaps greater significance than terminology is our concern over the 
emphasis on physical science in the section on the Atomic Energy Commission. 
We believe biologists rather than physicists should be called on to judge biolog- 
ical and health aspects of atomic radiation in relation to the living resources 
of the sea and to the people who consume them. 
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Your bill could be the mechanism for focusing interest on the biological fea- 
tures of atomic waste disposal, and it is obvious that this was your intention. 
However, almost all of the money proposed for research could be spent on 
physical studies if the expenditures were not more fully specified. I respectfully 
suggest that this section be tightened. We concur with the objectives set forth, 
but on the basis of experience we urge amendment to insure adequate provision 
for biological researeh in the field of radioactivity in the ocean. 

The other important area of omission concerns the operations of non-Federal 
research agencies. As you are aware, the fisheries conservation agencies of 
many coastal States conduct excellent and valuable marine research programs. 
All the States of the Pacific coast—California, Oregon, Washington, and Alaska, 
not to mention Hawaii—have excellent research staffs and facilities, including 
laboratories and experimental stations, and some have research vessels. I am 
sure that you are personally acquainted with both the work and the men who 
are doing it. Surely the know-how and facilities of these State agencies should 
have a place in any nationwide program of expansion. 
We feel strongly that the inclusion of existing programs, staffs, laboratories, 

and vessels of the State agencies which are vitally concerned would add strength 
to a nationwide program. Providing for their expansion as part of a coordinated 
program would insure a broader base for accomplishment than only expansion 
of Federal agencies. 

I am sure that this apparent oversight was not intended by you, and it could 
be corrected by minor amendment. 

The State agencies may or may not be included in references on page 5 (lines 1 
to 5, and 15 to 18), page 6 (lines 1 to 10), and page 7 (lines 12 to 15). Perhaps 
the expression “institution” would include a fisheries department, or perhaps 
it refers only to an academy or laboratory. A clarification would be helpful. 

It is also not clear on page 9 (lines 15 to 20) whether State fisheries research 
agencies would qualify. Our interpretation would be that they do, but without 
clarification we could be overlooked when the new program is adopted. 
We are not sure what the term ‘cooperate’ means as used on page 10, line 18. 

Does this mean that Interior would merely work in a cooperative manner or 
does it imply that Interior will contract with the States? A similar question 
arises on page 25 (line9). 

Throughout pages 12 and 13 the numerous references to expanded programs 
definitely imply the exclusion of State fisheries agencies which under the Con- 
stitution and State laws are responsible for conducting the research upon which 
conservation programs are based. A more equitable approach would be to 
include the State agencies. We have no wish to take over, but only to be recog- 
nized and included in an expanded program. We believe that our accomplish- 
ments so warrant. 

In the section on the Department of Commerce, which deals mostly with physi- 
eal aspects, the bill recognizes State agencies and institutions. It would appear 
that in this field, the responsibilities and rights of the States are recognized. 
The States are also given some recognition in the section on the Atomic Hnergy 
Commission. 

Therefore, the omission of the States in the section on the Department of the 
Interior has us puzzled. I hope I am wrong on this, but without some amend- 
ment I am concerned that the highly qualified State agencies which have re- 
sponsibilities under the law would not be included in an expanded program. 
This would be regrettable in a program that is so vital to the Nation’s survival 
that everyone capable of helping should be included. 

The State of California operates seagoing research vessels and plans to con- 
tinue doing so. One vessel is fast approaching obsolescence and will soon need 
replacement. Another is on loan from the U.S. Fish and Wildlife Service. We 
are vitally interested in continuing our seagoing research. We are sure it has a 
place in the overall program that your bill envisages. With our men and our 
know-how we can play an important part in an expanded program if we can 
share in the expansion. If your bill is a means toward modernizing our research 
fleet so much the better. 

To duplicate the laboratories and staffs of the States could be wasteful. To 
provide for a coordinated expanded program with everyone pulling his share of 

the load would be economical and lead to success. 
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I trust that the above comments will be helpful to you. Again may I state 
that the principles and objectives of your 8. 2692 meet with our concurrence. 
Incorporation of the suggestions I have made will make the bill extremely 

valuable. 
Yours sincerely, 

W. T. SuHannon, Director. 

Tur ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA, 
December 16, 1959. 

Senator WARREN G. MAGNUSON, 
Senate Office Building, 
Washington, D.C. 

Dear SENATOR MaGnuson: 1. Both the bill and the oceanographic report of 
the National Academy of Sciences (upon which the bill is based) fail to mention 
or draw upon the Smithsonian Institution-U.S. National Museum for advice, 
guidance, or participation. 
Comments: For over 100 years, the U.S. National Museum has engaged in 

basic research in many phases of the marine sciences, and today as a competent 
staff of scientists who are currently engaged in taxonomic (classification of or- 
ganisms), geographical, and ecological studies of marine animals and plants. 

The U.S. National Museum houses the country’s largest collections of marine 
organisms which are vital for identification and comparative purposes in any 

international survey program. 
The staff of the U.S. National Museum has many scientists who are greatly 

experienced in field surveys, marine exploration, and in the problems of pre- 
serving and housing oceanic samples and marine organisms. 
Recommendation: That, at sometime during the hearings, an administrative 

representative and at least two scientists ‘‘on the lower echelon” be called upon 
to express their views on appropriate phases of the proposed program. 

2. Both the bill and the oceanographic report of the National Academy of 
Sciences (upon which the bill is based) fail to recognize or offer concrete pro- 
posals to solve the immense problem of preserving, documenting, and properly 
housing the specimens upon which all future biological research and surveys 
will depend. 

Comments: The majority of the scientists who prepared the “oceanography, 
1960 to 1970” report are wholly or mostly concerned with the physical aspects 
of oceanography, and although their excellent report deals with many biological 
aspects, such as fisheries, “mapping of distributions of species,” taxonomy, and 
ocean resources, etec., there is insufficient discussion, consideration and recom- 
mendations concerning a vital aspect of oceanographic research; namely, the 
sorting, organizing, preservation and proper housing of biological specimens col- 

lected during the 10-year program. 
If this phase of the program is inadequately financed, great quantities of price- 

less specimens will be thrown back into the sea, buried in a chaotic mass of hap- 
hazard accummulation, or lost through neglect and improper disposition. While 
much of the data on physical oceanography can be recorded and preserved in 
written or visual records, most of the biological data concerning the identity and 
telltale condition of individuals must be preserved in the form of specimens and 

samples. 
All of our knowledge concerning what organisms exist in the oceans is based 

upon (and is constantly subject to reexamination) the collections preserved in 
the leading 50 natural history museums of the world, including 8 or 9 in the 
United States. ‘These collections were made by private and Government expedi- 
tions and individuals. The results of the first U.S. oceanographic expedition, 
made in 1832 by Wilkes, were largely lost because of inadequate financial sup- 
port for the housing of the specimens. The present, approximate number of 
marine specimens now preserved in United States private and public research 
museums is about 3 billion; fish (20 million), mollusks (50 million), starfish, 
etc. (2 million), worms, ete. (1 million), corals (1 million), diatoms and other 
algae (4 million), etc. The new 10-year program, if properly carried out, will 
quadruple the amount of specimens needed for a minimal amount of taxonomic 
research, and upon which all survey and marine resources work must depend. 

It is the history and philosophy of American science that a large part of all 
scientific endeavors are the function of independent and nongovernmental 
scientists, and institutions. It is also recognized that direct governmental par- 
ticipation in scientific research is an important and effective advancement of 
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our national welfare and security. We believe a practical and fair balance of 
responsibility and financial assistance should exist between the activities of 
citizen scientists and governmental scientists, between citizen institutions and 
governmental institutions. 

Recommendation: That bill 8. 2692 of September 11, 1959, be modified and 
adopted with the following changes and/or additions. 

I. Under section 4 dealing with the administrative and financial responsibili- 
ties of the National Science Foundation there be added on page 8, after line 6 the 
following: ‘‘(c) The sum of $40,000,000 for the proper preservation and housing 
of marine specimens.” and on page § at the end of line 9 there be added the words 
“and marine biological” and on page 9, line 2, after the word ‘“oceanographers” 
there be added the words “or marine biologists’. 

It. Under the section of “Declaration of Policy,” the following changes or 
additions be made: On page 8, line 11, after the word laboratory, there be added 
a comma and then the word “museum.” ‘On page 3, line 15, after the word 
“instruments,” there be added the words “methods of preservation of specimens.” 
On page 6, line 17 and line 20, the word “‘fisheries” be deleted and replaced by the 
words “marine biological.” 

3. Both the bill and the oceanographic report of the National Academy of 
Science (upon which the bill is based) fail to recognize the need or make 
provision for a suitable or extensive enough National Oceanographic Records 
Center or a vitally needed center for the survey indexing and dissemination 
of man’s present knowledge of the marine sciences. 
Comments: One of the great problems confronting all scientists is their in- 

ability to keep up to date with the advances in their respective fields. It is in- 
conceivable that a 10-or-more-year program of investigation can be initiated 
without some provision for a modern, electronic system of indexing what is al- 
ready known about the physical and biological aspects of oceanography. With- 
out this tool, which should be international in scope, our research will bungle 
along on a hit-or-miss fashion. It is especially mandatory in the field of marine 
resources and the surveying of marine life, that the estimated 600,000 books and 
articles on marine animals and plants ibe expertly indexed. 

In my opinion, the technical difficulties and specialized knowledge required in 
this operation will make necessary the guidance and administration of a records 
center to be set up and run by the Smithsonian Institution. The Smithsonian is 
certainly the logical place for any taxonomic, biological, or ecological indexing 
program. However, some opposition to this idea may be anticipated from the 
administration of the Smithsonian who consider the scientific aspects of their 
organization to be a research rather than a service function. While I quite 
support this view, I believe that if sufficient funds and additional personnel were 
authorized for this purpose, such a service function would be of immense na- 
tional value and would be in keeping with the Smithsonian’s present service 
functions in the areas of exhibits, publications, dissemination of knowledge, and 
identification services. 
From my own personal standpoint, the broad research program on marine 

mollusks which the Academy of Natural Sciences of Philadelphia is undertaking 
requires an indexing of the molluscan literature. We have 30 international par- 
ticipants in our program, and all greatly desire a control on the literature. We 
shall attempt to go ahead in a primitive fashion with what small private funds 
are available. Our really only great hope is that our Russian colleagues will 
evolve and share with us a complete indexing of our field. In my opinion, the 
country or institution which serves as the brain or nerve center of marine 
sciences will ultimately command the lead in setting policies and carrying out 
research programs. 
Recommendation: That bill S. 2692 of September 11, 1959, be modified and 

adopted with the following changes and/or additions: 
I. That under section 7 on page 14 concerning the Department of Commerce, 

on line 22, following the word “oceanographic” there be added the words “and 
marine biological and taxonomic.” 

II. That on page 16, line 23, the sum of “$250,000” be deleted and the sum 
“$1,000,000” be added. That on page 17, line 3, the sum “$100,000” be deleted and 
that the sum ‘‘$1,000,000” be added. 

III. That serious consideration be given by the drafters of this bill on whether 
the Smithonian Institution or the Department of Commerce should be responsible 
for either or both a biological and physical oceanographic records center, and 
that such accumulated records be made available to national and international re- 
Search workers and institutions on a nominal cost basis. 



MARINE SCIENCE 149 

IV. That the drafters of this bill call upon “indexing experts” from the De- 

partment of Agriculture, professional biological societies and private industry 

to testify upon the problems of setting up an electronic indexing system. 

OTHER COMMENTS CONCERNING THE BILL 

As a private citizen and research scientist, I would like to reaffirm my ap- 

proval of and faith in the practices and principles of the kind of Federal 

financial support given through the National Science Foundation. I heartily 

support and further urge that as much responsibility as possible for the admin- 

istering of basic research funds, as authorized by bill S. 2692, be done through 

the National Science Foundation, and that funds for applied research, com- 

mercial fisheries military research, navigational improvements, etc., be admin- 

istered by other appropriate agencies. 

I understand from casual conversations that the National Science Foundation 

may not be too happy about the formation of a new and special Division of 

Marine Sciences. This is because such a Division would cut across many of 

the basic divisions of sciences and the general organization of the NSF. I trust 

pressures of those looking through the oceanographic telescope will not hamper 

the broader wisdom and functions of the NSF as a whole. 

I have also heard the question from several oceanographers and marine biolo- 

gists, “where are we going to get the scientists to man 40 new research ships 

during the next 10 years?’ Is our shipbuilding program too large? I take no 

sides on this question, but merely peint up the question. 

I do have one small, but concrete example, of how additional research vessels 

(in the 300-ton class) could materially aid and encourage the vast amount of 

present-day privately supported surveys of the shallow seas of the world. At 

the Academy of Natural Sciences of Philadelphia we have begun a new scientific 

journal which aims to survey, classify, and list all of the marine mollusks of the 

Indo-Pacific oceans. Through the auspices of the Natural Science Foundation 

of Pennsylvania and other private contributions we have put 10 major collecting 

expeditions into the field in the last 5 years (New Guinea, Zanzibar, Ceylon, 

Samoa, etc.). Three of these were aided by the use of a research vessel which, 

because of financial difficulties, has now been abandoned. We plan at least 

another dozen expeditions, supported by private funds, in the next 5 or 6 years. 

If a research vessel owned and operated through naval or NSF grants could be 

put into this area for our use, our private financial contributions would double 

and assure our making much more rapid and more complete surveys of this 

region. I am sure that other institutions, such as the Bishop Museum in Honolulu 

and the California Academy of Sciences in San Francisco could quadruple their 
research on shallow water marine organisms if such small research vessels were 
at their disposal. I am a firm believer that private and governmental money 
for research should compliment, and not oppose, each other. 

List of the ranking institutions and museums in the United States which have 
aero eee housed and preserved marine biological specimens during the past 

century : 

Academy of Natural Sciences of Philadelphia (founded 1812). 
Allan Hancock Institute (Los Angeles). 
American Museum of Natural History (New York). 
California Academy of Sciences (San Francisco). 
Chicago Museum of Natural History. 
B.P. Bishop Museum (Honolulu). 
Geological Museum, Stanford University. 
Museum of Comparative Zoology (Harvard University) . 
Paleontological Research Institute (Cornell University). 
U.S. National Museum (Washington, D.C.). 

ALBERT M. LINTON, 
President. 

THE FLoRIDA STATE UNIVERSITY, 
Tallahassee, December 11, 1960. 

Mr. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S. Senate, New Senate Office Building, Washington, D.C. 

DEAR Sir: I have read the bill (S. 2692) for advancement of marine sciences 
with a great interest. I, working 15 years as a physical oceanographer after 
graduation of a college, am particularly enthusiastic about the bill, not only 
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because my special field of science is encouraged but also because the general 
welfare of the people in the United States and in the whole world will be 
enhanced. 

It is out of my capacity to make comments on the bill, since I have only a 
limited experience. However, I was engaged in research of oceanography as a 
staff scientist of Japan Meteorological Agency for 12 years. Fortunately I 
could spend almost 3 years in research and teaching of oceanography in this 
eountry, including 1144 years at Woods Hole Oceanographic Institution. There- 
fore I have a chance to compare the general oceanographic activities in the 
United States and in Japan. Also I feel it is one of my duties to impart my 
opinions about improving the marine sciences to the authorities of this country 
which has bestowed so much benefit upon me. 

The following comments on the bill might be mediocre or superfluous like 
“feet of a snake,” as an Oriental proverb says. However, I will be very happy 
if any of these comments be worthwhile. 

1. INTERDEPARTMENTAL COMMITTEES OR COUNCILS ON THE OPERATION OF 

OCEANOGRAPHIC RESEARCH SHIPS 

According to the bill about 80 oceanographic research ships will be operated 
at the end of the 10-year plan. This situation needs an enormous coordination 
among various agencies which operate the ships in order to avoid unnecessary 
duplication in surveys and to insure cooperation in problems which need more 
than a few ships. It seems to me that such committees (or less formal organi- 
zations) are urgently necessary even now, because there are rather poor co- 
operations among different agencies and institutions. For instance, the Gulf 
of Mexico, on which I am now studying, was surveyed frequently by govern- 
mental agencies and some universities. But I think that the coordination of 
these surveys is poor, although individual works are excellent. Further, al- 
most no information is available in advance about the future plans of surveys 
for scientists or oceanographers outside the particular institutions which are 
planning such surveys. 

Therefore the functions of proposed committees may be to give informations 
about the results obtained in the past surveys as soon as possible, at least to 
Scientific circles who are interested in them, to discuss and modify future plans 
of surveys, to widely ask advices or comments from the scientific cireles and, to 
exchange general informations about operation of the research ships. Several 
committees of such kind may be established on the regional basis for operating 
area of the research ships, presumably, the North Atlantic region, the North 
Pacific region, the Gulf of Mexico region, and other parts of the ocean not di- 
rectly related to this country such as the Antarctic, the South Pacific and 
Atlantic, and the Indian Oceans. Each regional committee has to hold a meet- 
ing consisting of representatives of individual agencies and institutions and of 
scientists who are interested in the area, at least twice a year. 

2. TRAINING OF COLLEGE STUDENTS IN THE MARINE SCIENCES 

The marine sciences include almost all phases of basic sciences as well as 
applied sciences such as engineering and fishery technology. ‘Therefore the 
subjects are quite educational even to the students who have no intention to 
become a specialist in the field, when they are adequately taught. The important 
thing is to rouse the interest of students in the marine sciences. For this 
purpose several measures are considered: (1) to have good elementary books 
and textbooks of marine sciences to attract students; (2) to make films and 
invent educational equipments illustrating many phases of marine sciences and 
facilities of teaching; (3) to set up courses of marine sciences in colleges as a 
general science curriculum; (4) to train students on the spot in shore facilities 
and on board the research ships. This measure may be much promoted if the 
plans of surveys are known in advance and cooperations between the agencies 
operating ships and the institutions doing basic researches and education are 
realized through the committees mentioned in paragraph No. 1. Such trainings 
do not only benefit students but also give some remedy for solving shortages of 
manpower in the technical assistant level. 

Further, setup of cultural centers or museums relating to the marine sciences 
at many communities may also help for arousing public interests in marine 
sciences. 
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3. COOPERATION WITH AND TECHNICAL AIDS TO FOREIGN COUNTRIES IN RELATION 
TO THE MARINE SCIENCES 

It is almost impossible for any one country to explore all the oceans of the 

world. The SCOR (Special Committee on Oceanographic Research) set up with 
the framework of the International Council of Science Union is working on 
international cooperation of oceanographic explorations on the international 
basis. Correspondingly, is necessary the national organization which acts as a 

liason between such an international body and the individual agencies and 

institutions participating in interational programs. Moreover, it is desirable 
that such organization does not only coordinate the efforts of individual agencies 
and institutions but also carry out its own plan of an international scope. There- 
fore in some occasions it may operate a few research ships which belong to 
individual agencies under special contracts. 

In the North Pacific and the North Atlantic region the committees mentioned 
in the paragraph one may act dual roles of interdepartmental and interna- 
tional coordination, because the most countries with excellent qualification in 
oceanography are interested in these regions and are now doing active work. 

Technical aids to underdeveloped countries in the marine sciences must be 
planned jointly or independently with this program of international coopera- 
tion. Some countries in eastern south Asia and Africa are surrounded or 
faced with the oceans which are rather rich in marine resources. But un- 
fortunately they are unable to utilize these resources owing to lack of knowl- 
edges and facilities, although they need such resources more than other Civi- 
lized countries. Therefore, dispatches of oceanographic research ships to these 
countries may contribute to their development by exploring the seas around them 
and by training the scientists of these countries who will participate in 
such surveys. Further such ships will certainly serve good diplomatic missions. 

4. MARINE SCIENCES FOR FISHING FLEET 

Obviously the advancement in marine sciences will greatly benefit fishery. 
However, the true goal for improvement of fishery may not be reached until 
the prediction of fishing conditions in adequately imparted to fishermen. Such 
prediction which is based on the oceanographic conditions is particularly im- 
portant in herring fishing in the northern North Atlantic, salmon fishing in the 
North Pacific, tuna fishing in the Central Pacific, and shrimp and oyster culture 
on the coast. 

In order to give precise prediction ample data both in time and space as 
well as researches about the method of prediction are indispensable. The 
oceanographic data collected by ordinary research ships are accurate but limited 
in time and space. On the other hand, fishing fleets cover entire fishing fields 
with more frequencies than the research ships. Therefore when— 

(1) Scientific instruments such as temperature recorder, plancton sam- 
pler etce., which need not high precision as required by research ships are 
equipped by these fishing boats ; and when 

(2) Crew of these boats are trained in handling of the instruments and 
in general observation techniques, the data collected by these boats are valu- 
able not only in the prediction of fishing condition but also in basic research 
on oceanography. In order to collect these data there may be a center at 
each fishing area. Fishing fleet may send their data to such centers by 
radio or in written forms. In return, these centers may broadcast various 
informations to the fishing fleet during the season, and be responsible for 
maintenance of the scientific instruments of the boats. 

Such plans are not novel. I have heard that Russia is already sending a few 
hundreds fishing boats which are well equipped with scientific instruments to 
the fishing ground of herring in the North Atlantic. The Forecasting Center at 
Moscow is giving prediction of fishing conditions 3 to 6 months ahead the fishing 
season from the data thus collected. In Japan, though in a small scale, this 
kind of cooperation between the fishing fleet and oceanograph laboratories is 
done during the fishing season of bonito in the Pacific. 

5. IMPORTANCE OF RESEARCH OF CONTINENTAL SHELF AND COASTAL AREAS 

The immediate importance of Continental Shelf and coastal areas to our daily 
life can be realized if we consider that the marine resources are mostly found 
in these areas and our defense problem is to protect these areas against the 
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possible attack. From oceanographic point of view these two regions belong to 
different circumstances. Therefore, the research of these regions may be con- 

sidered separately. 
I do not think an independent institution or agency is necessary for study on 

the problems on Continental Shelf. However several agencies and institutions 
which are interested in this area may have a joint committee similar to those 
mentioned in paragraph one and coordinate their surveys and researches on this 
area. 

Contrary to the Continental Shelf coastal areas including bays and estuaries 
are studied by various local agencies such as conservation boards and civil en- 
gineering departments of States and other communities and most marine, labor- 
atories of colleges as well as Federal agencies such as Beach Erosion Board. 
Too diversified problems in the coastal areas make it difficult to give any con- 
trol on the activities of various agencies. However, again in these areas some 
special committees which are centralized locally may serve in avoiding unneces- 
sary duplications in research and in communicating and distributing the infor- 
mations obtained by individual agencies. 

These comments are—as I admit, myself—far from satisfactory. Further I 
had no time to even refine them, in order to send them before January. Please 
forgive me for my crude expressions and writing. 

Yours sincerely, 
TAKASHI ICHTIYE, 

Assistant Professor in Oceanography, Oceanographic Institute, Florida 
State Uniwersity. 

AMERICAN SHORE & BEACH PRESERVATION ASSOCIATION, 
Washington, D.C., December 29, 1959. 

Hon. WARREN G. MAGNUSON, 
U.S. Senate, Washington, D.C. 

My Drar Senator MAacgnuson: Senate bill 2692, Ist session, 86th Congress, 
which you introduced for yourself and a number of other Senators, and which 
has been referred to the Committee on Interstate and Foreign Commerce, of 
which you are the chairman, has come to my attention. 

As the president of this asociation, which, as its name indicates, is vitally 
interested in the ocean shores and beaches, and as a retired officer of the Army 
(Corps of Engineers), and as a former Deputy Chief of Hngineers for Con- 
struction, and former president of the U.S. Beach Hrosion Board, all of which 
gives me a continuing interest in shore and beach erosion and protection, I am 
writing to offer my comments. 

I have noted the purposes of the bill as summarized in the introductory 
paragraph, particularly its bearing on research, surveys, commerce, navigation, 
national defense, ocean resources, etc., and the short title, “Marine Sciences and 
Research Act of 1959.” Iam in full accord with the general purposes and ob- 
jectives of the bill but it seems to me that a most important part of the oceans 
and ocean floors, the part that this association and I personally are particularly 
interested in—namely, the ocean shores and near-shore bottoms have been over- 
looked. Although the shores and near-shore bottoms are as much a part of 
the oceans as the “deeps” and are of great importance, from all points of view, 

they are not mentioned in the bill. 
To rectify the omission, I must respectfully suggest that the bill be modified 

to include research, survey, and study of the ocean shores and near-shore bot- 
toms, and to provide for the utilization of the Corps of Engineers of the Army 
and its Beach Erosion Board, which are the U.S. Government agencies charged 
with and having cognizance of those areas and matters. 

I have not presumed to develop specific suggestions for changes in wording 
to accomplish the objectives I recommend, but it appears that only minor modi- 
cations and additions would be required. I will be happy to present additional 
data and support for my views, if desired. 

Most respectfully, 
CuHas. G- HOLtez, 

Major General, U.S. Army (Retired), President. 
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THE JOHNS HOPKINS UNIVERSITY, 
Baltimore, Md., October 7, 1959. 

Hon. Warren G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
New Senate Building, Washington, D.C. 

Drar Senator Macnuson: I have read with great interest the copy of bill 
S. 2692 forwarded to me by the Committee on Interstate and Foreign Commerce 
and I wish to offer the following comments. 

In view of the expanding population of the world and the predictions that our 
terrestrial food supply will be outgrown, the productivity of the sea is of vital 
importance to our future. To use the oceans and their food supply wisely it is 
obviously necessary to pursue marine biology as thoroughly as possible. The 
micro-organisms of the sea, especially the phytoplankton, are the direct or indirect 
source of food for most other living things in the sea. A study of these organisms 
is essential for the future productivity of the ocean. A detailed consideration of 
the bacteria, viruses, bacteriophage, algae, fungi, and protozoans must be in- 
cluded and all of these studies must be approached from the biochemical, nutri- 
tional, genetic, and ecological viewpoints to have a complete understanding of 
the organisms and their environment. 

As the Committee on Oceanography has pointed out, progress in marine biology 
will depend upon the interest, the experience, and the creative imagination of 
individual scientists. However, the individual scientist must have instruments 
and facilities, and he must live in an atmosphere conducive to creative activity. 
Adequate funding must be available for laboratories and equipment, and such 
laboratories should have a close and intimate relationship with a creditable 
university which will enable the laboratory personnel to become a part of the 
scientific life of such a university. 

Earlier this year, I proposed to appropriate officials that an Institute of Marine 
Microbiology be established at an existing facility, the Marine Biological Labora- 
tories, Woods Hole, Mass. To build, equip, and aperate a small but adequate 
laboratory for this purpose would cost approximately $5 million for the first 
8-year period. A sum of $2 million would be required for an adequate laboratory 
building and $1 million would be required for equipment. After construction, the 
annual operation cost is estimated at $532,000. I mention this because it is my 
sincere belief that while bill 8. 2692 provides ample funds for the physical 
sciences aspect of marine research, it does not provide adequate funds for the 
facilities and equipment required for the most fundamental marine biological 
research. Postwar developments have placed great emphasis on the physical 
aspects of science, that is, atomic energy, rocketry, with little attention given 
to the bilogical problems involved. Funds granted by Congress to the Federal 
agencies supporting basic biological research have been quite inadequate (except 
in the realm of the medical sciences), until now a situation is reached where 
areas of biology, that is, marine biology, are in dire need of support to develop 
the facilities and personnel necessary to cope with the problems confronting 
mankind. 

Bill S. 2692 is a comprehensive and much needed legislative offering. In 
may respects, it proposes a program as broad in concept as the U.S. IGY pro- 
gram. To avoid the failures of the IGY, it is essential that the funding be 
adequate for all aspects and that support of the total program not be permitted 
at the expense of any particular segment. All aspects are extremely important 
and can achieve the success desired only if given the necessary attention. 

I look forward to the success of this legislation and greatly appreciate this 
opportunity to express my views. 

Sincerely yours, 
W. D. McEtroy, 

Director, McCollum-Pratt Institute; Chairman, Biology Department. 

Woops HoLe OCEANOGRAPHIC INSTITUTION, 
OFFICE OF THE DIRECTOR, 

Woods Hole, Mass., January 28, 1960. 
Hon. WARREN G. MAGNUSON, 

Chairman, Committee on Interstate and Foreign Commerce, U.S. Senate, 
Washington, D.C. 

Dear SENATOR MAGNUSON: I am glad to respond to your invitation to com- 
ment on S. 2692 which you introduced in the ist session of the 86th Congress. 
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It is very heartening indeed to observe the congressional interest in oceanogra- 
phic research which the actions of your committee express. 

The history of oceanographic research in the United States reflects the peri- 
odie reviews of the subject by special committees established by the National 
Academy of Sciences. The first such committee, appointed in 1927, recom- 
mended the establishment of an oceanographic research center on the east 
coast of the United States and this Institution at Woods Hole was created in 
response to this recommendation. 

The latest report of the National Academy on this subject entitled “Oceanogra- 
phy 1960-1970” reflects a great deal of study and consideration by distinguished 
scientists engaged in the several parts of the study of oceanography. Although 
people in this field are not unanimous on any particular feature of the program 
recommended, I believe oceanographers everywhere subscribed to the general 
objectives and recommendations of the report. Similarly, the THNOC report, 
which has been approved by the Chief of Naval Operations, represents an imagi- 
native and carefully considered estimate of the general kind of program needed 
in this field. 

I would like first to comment on Senate Resolution 136. It is heartening to 
those engaged in this field to observe these Warm and prompt expressions of in- 
terest in oceanographic research and the recognition of its importance, not only 
for our national security but also for the potential benefits which are certain 
to result from a greater knowledge and understanding of marine sciences. At 
Woods Hole we have been pleased with the interest shown by another committee 
in Congress, the Special Subcommittee on Oceanography of the Committee on 
Merchant Marine and Fisheries, some of whose members visited this laboratory 
last Summer. 
We were particularly impressed by the thoughtful drafting of Senate Reso- 

lution 136, in its enunciation of policy and avoidance of restrictions which 
might hamper the flexible growth of such a long-range program. It is certain 
that new knowledge growing out of the program itself will furnish the basis 
for changes in emphasis and that new discoveries will require the inclusion of 
wholly new kinds of activities. 
The first recommendation concurred in by your committee in its declaration 

of support of oceanographic research in Senate Resolution 136 concerns the need 
for substantial expansion of basic research. Our knowledge of the oceans and 
the phenomena which occur within them is still relatively primitive compared 
to the other geophysical sciences. Additions to our knowledge of the oceans can 
come only from basic research in which the investigator is seeking to discover 
new facts and is without immediate concern as to the way in which these facts 
may become usefully applied to economic or other practical objectives. 

There seems to me to be wise and appropriate recognition of the need for inter- 
agency cooperation in order to achieve the goals set forth in the Senate resolu- 
tion. Likewise the recognition of the benefits from international cooperation in 
oceanography which were so vividly demonstrated in the course of the Interna- 
tional Geophysical Year program are suitably highlighted in your resolution. 

It is more difficult for me te evaluate S. 2692. The declaration of policy fol- 
lows closely the provisions of Senate Resolution 1386. The remaining sections 
are evidently intended to constitute a legislative expression of means for im- 
plementing the program recommended by the National Academy committee and 
also embodied in the THNOC report. As such, it seems to me that such ex- 
pressions of congressional approval and support are to be welcomed. The ques- 
tions I would raise relate not to the purposes which seem to me admirable but 
to the particular means proposed in the bill for the achievement of these ob- 
jectives. Questions which arise from careful consideration of this bill are as 
follows: 

1. Is the enabling authority in the bill needed to allow the several departments 
and agencies to carry out their parts of the proposed 10-year program in 
oceanographic research? 'To the extent that the departments and agencies al- 
ready have adequate authority, further legislation on this subject may confuse 
instead of promote the objectives which the committee has so clearly in mind. 

2. May not the freezing of numbers of ships or dollars for specific purposes 
at this time reduce the flexibility which is so important in capitalizing on new 
knowledge which may call for changed emphasis? It is my impression that 
the numbers used in the Academy report and in the TENOC report were intended 
to be illustrative and minimal rather than definitive. An expression by your 
committee of its support of the scale of the programs proposed by the Academy 
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and»in the TENOC report would’ certainly be desirable. I would hope that 
there might be another way of indicating this support which would avoid the 
dangers of inflexibility and implied ceilings. 

3. Would the coordinating mechanism of the Division of Marine Sciences 
in the National Science Foundation be preferable to the means already estab- 
lished through a subcommittee of the Federal Council of Science? The several 
parts of this program fall naturally within the purposes of several departments 
and agencies. Coordination of their policies and programs related to this 
10-year program is clearly needed. The means suggested in the draft bill 
would appear to allow a voice by representatives of the Office of Naval Re 
search, the Hydrographic Office, the Coast and Geodetic Survey, the Bureau of 
Commercial Fisheries, the Atomic Energy Commission, and the Maritime Admin- 
istration in the program of the National Science Foundation. The activities 
which go to make up the total program will appropriately be carried out within 
the scientific agencies of the several departments involved and at institutions out- 
side the Government operating with support from one or more of these agencies. 
The subcommittee of the Federal Council of Science, being composed of all 
agencies concerned in the program and represented on equal and- coordinate 
basis, may be better suited to provide the coordination for the total program. 

I am glad to have had the opportunity to submit these views and to express 
my satisfaction at the interest of yourself and your associates in the science 
which is the central purpose of the Woods Hole Oceanographic Institution. 
Because it brings together the efforts of scientists from many different disei- 
plines, it is sometimes difficult for those outside the field to visualize what ocean- 
ographerg actually do. We will be very pleased indeed to have you, your 
associates or your staff visit Woods Hole where we might show you something 
of the current research in oceanography. 

Sincerely yours, 
PAuL M. FYE. 

DEPARTMENT OF GEOLOGY AND GEOPHYSICS, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 

Cambridge, Mass., January 14, 1960. 
COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE, 

U.S. Senate, New Senate Office Buitding, Washington, D.C. 

GENTLEMEN: Before his death Vice Adm. Edward L. Cochrane handed mea 
copy of 8. 2692 and suggested that I read it and communicate my reactions to 
you in case I wished to do so. I am pleased, therefore, to comment on this 
bill which seems well designed to advance the recommendations of the Com- 
mittee on Oceanography of the National Academy of Sciences-National Research 
Council. 

I strongly support the recommendations that are included in the reports of the 
Committee on Oceanography referred to in the preceding paragraph, and believe 
that if these recommendations are carried out, we will have taken long steps 
forward in improving our position in oceanographic research. The one comment 
that I would make about the recommendations is that they do not sufficiently 
emphasize the great importance of education and the training of manpower for 
the marine sciences. 

The much-expanded program envisioned in your bill will require many well- 
trained physical and biological scientists. These scientists will have to be 
trained and then led to become interested in some aspect of our physical 
environment. 

I note with approval that the bill provides for fellowships for the training 
of students in the marine sciences and for assistance to educational institutions 
in the form of equipment and teachers’ salaries. I fail, however, to find the 
emphasis that I would like to see placed on the scientific manpower problem 
which I consider to be of first importance to the entire program in oceanography. 
There are few institutions of higher learning in the United States that offer 
advanced training in the marine sciences. Good as these are, they not only 
need to expand and diversify their programs, but it would definitely be in the 
national interest to encourage and support the creation of new courses of in- 
struction in the marine sciences at other institutions. 
Although the bill is primarily concerned with the marine sciences, I feel 

strongly that recognition should be taken of the close coupling between the 
‘oceans and the atmosphere and between the oceans and the land areas. There 
“is greater need than ever before to recognize this close relationship between the 
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oceans, the atmosphere, and the ‘solid earth, not only by scientists who are 

‘engaged in gaining a better understanding of our physical environment -in all 

of its aspects, but also by our Federal agencies and bureaus which must think 
-in terms of natural resources and national defense. Any support, therefore, 
that can be given to one of the broad areas of earth science will inevitably 
provide some support for the others. The program envisioned in your bill, 
therefore, has my very strong support, and we propose here at M.I.T. to take 
immediate steps to carry out some of the major objectives envisioned in your 
bill and recommended by the Committee on Oceanography (NAS-NRC). 

Two specific actions may be mentioned. We are submitting an application 
to the Office of Naval Research through Dr. James H. Wakelin, Jr.’s office for 
funds to support a 5-year program of oceanographic research and instruction 

at M.I.T. which will involve close cooperation with the Woods Hole Oceano- 
graphic Institution. Concurrently we are submitting an application to the 
National Science Foundation for funds to start a 5-year graduate research train- 
ing program in the earth sciences. These two proposals are closely coupled 
parts of a plan to develop at M.I.T. a major center for earth sciences. In or- 
ganizing the program of this center we need support in every phase of earth 
science. The proposals mentioned are primarily for support in oceanography. 

' I believe that your bill would be of very great assistance to Federal agencies 
and bureaus in providing for them a way by which they can help institutions 
like M.I.T. to carry out the training and research programs that we feel we 
are competent to conduct. 

I am most enthusiastic about your bill and hope very much that it can be 
passed by Congress. If there is any way in which I can be of assistance to your 
committee, please let me know. 

Sincerely yours, 
Rosert R. SHROoCK, Chairman. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
Js DEPARTMENT OF METEOROLOGY, 

Cambridge, Mass., December 10, 1959. 
Re S. 2692. 
COMMITTEE ON INTERSTATE AND H'OREIGN COMMERCE, 
U.S. Senate, New Senate Office Building, 
Washington, D.C. 

GENTLEMEN: I am pleased to have the opportunity to comment on this bill 
which is designed to advance the recommendations of the Committee on Oceano- 
graphy of the National Academy of Sciences-National Research Council. 

I first wish to state that I strongly concur in the need for an expanded program 
of oceanographic research and surveys. I have had the opportunity to meet 

' with, and to study the reports of, the Committee on Oceanography and feel that 
their recommendations are sound and are well designed to accomplish oceano- 
graphic research and surveys so urgently needed in the national interest. 

The greatly expanded program envisaged in this bill will require a considera- 
ble number of well-trained scientists. Research is done by people and no amount 

- of equipment will lead to important advances in knowledge without a sufficient 
number of able and dedicated scientists. I note, with approval, that the bill 
provides for fellowships for the training of students in the marine sciences. 
I also note the authorization, on page 18, of assistance to educational institu- 
tions in the form of equipment and teachers’ salaries. I am nevertheless some- 

_ what»concerned that more emphasis is not placed on the scientific manpower 
- problem which I consider to be of overriding importance to the entire program. 
‘There are very few institutions of higher learning in this country which offer 

- advanced training in the marine sciences. All of them require facilities and 
teaching staff and it may be in the national interest to encourage and support 

. the establishment of courses of instruction in the marine sciences at a number 
of additional institutions. 

I note with concern the almost complete absence of reference to the essential 
relationships between the oceans and the atmosphere. The only specific refer- 
ence is in paragraph (e) on page 15 in which the Weather Bureau is directed 
to undertake a comprehensive study of the interchange of energy between the 
oceans and the atmosphere. Omission of more, reference to the atmosphere by 
the Committee on Oceanography was due to the existence of a companion com- 
mittee of the National Academy of Sciences-National Research Council, .the 
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Committee on Atmospheric Sciences. All knowledgeable oceanographers and 
meteorologists agree that the interrelationships between the atmosphere and 
the oceans are so all-pervasive that the two media should properly be considered 
as a single system. The recommendations of the Committee on Atmospheric 
Science have not been incorporated into propesed legislation because it has not 
seemed that legislation was necessarily required. It would be extremely un- 
fortunate both for oceanography and for the atmospheric sciences if independent 
legislative approaches were to erect unnatural barriers between these inherently 
interdependent scientific fields. I am certain that the Committee on Interstate 
and Foreign Commerce would not wish to see this occur and it is with this 
thought in mind that I call attention to this omission in an otherwise excellent 
bill. 

If I may be of any assistance to the committee in connection with the hearings 
on 8. 2692 please let me know. 

Sincerely yours, 

Henry G. HoueuTon. 

NARRAGANSETT MARINE LABORATORY, 
UNIVERSITY OF RHODE ISLAND, 

OFFICE OF THE DIRECTOR, 
Kingston, R.I., October 15, 1959. 

Senator Warren G. MacGNusoN, 
Chairman, Interstate and Foreign Commerce Committee, New Senate Office 

Building, Washington, D.C. 

Dear SENATOR Magnuson: I wish to acknowledge receipt of a copy of Senate 
bill S. 2692 incorporating the recommendations of the Committee on Oceano- 
graphy and the project TENOC of the Office of Naval Research. I cannot empha- 
size too strongly the importance of this bill in providing for research essential 
as a basis for national defense and the proper exploitation of the resources of 
the sea. 

Mrs. Fish and I have been engaged in Office of Naval Research project re- 
search at the Woods Hole Oceanographic Institution and this laboratory since 
1946 and are familiar with Navy-supported oceanographic research at most of 
the other marine laboratories. The accomplishments cannot be measured in 
dollars and cents and must continue to be supported with Federal funds if the 
United States is going ot maintain its international standing because State and 
private institutions cannot, themselves, support oceanographic research. 

I hope that the Committee on Interstate and Foreign Commerce will let me 
know if at any time I can be of service in support of this important legislation. 

Very sincerely yours, 

CHARLES J. F1suH, Director. 

: STANFORD UNIVERSITY, 
Stanford, Calif., October 5, 1959. 

Hon. WARREN G. MAGNUSON, 

Chairman, Committee on Interstate and Foreign Commerce, U.S. Senate Office 
Building, Washington, D.C. 

DeaR SENATOR Macnuson. Thank you very much for the copy of bill S. 2692 
dealing with the proposed support for and expansion of the oceanographic in- 
vestigations under the sponsorship of the U.S. Government. I have read this 
bill with great interest and congratulate your committee and others responsible 
for its formulation. The support proposed in this bill will enable the United 
States to accomplish much of the sadly needed research on the multitudinous 
problems involved in oceanography and fisheries resources and place the United 
States in the forefront of oceanographic endeavors among the nations of the 
world. 

I strongly recommend careful study of all of the aspects of the bill, and sin- 
cerely hope that such a study by the committee and by other Senators and 
experts will result in a favorable reporting of the bill to the floor of the Senate, 
followed by passage of the bill. I firmly believe that increased emphasis needs 
to be placed on oceanographic studies by the United States and that such studies 
will advance the well-being of our people and the safety of the Nation. 

Very sincerely yours, 

Ira L. WIGGINS, 
Director, Natural History Museum. 
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LOCKHEED AIRCRAFT CoRP., 
Burbank, Calif., September 30, 1959. 

Hon. WARREN G. MAGNUSON, 
U.S. Senate, Committee on Interstate and Foreign Commerce, New Senate Office 

Building, Washington, D.C. 

Sm: Thank you very much for your letter of September 18, 1959, enclosing 
S. 2692, the proposed Marine Sciences and Research Act of 1959. It is encour- 
aging to see that you are taking the lead with a strong and constructive interest 
in our country’s need for greater effort in oceanography and related activities. 
Also, I am delighted to see that Senator Engle of California is a cosponsor of 
the bill. 

Beyond any question, S. 2692 is a vital and valuable step forward. It is 
clearly written and seems to cover requirements for the next few years in very 

adequate fashion. 
My only suggestion would be that perhaps the sum of $250,000 capital outlay 

for a records center (p. 16, line 23) should be increased to roughly $1 million. 
Also, the yearly operating figure for the records center (p. 17, line 3) should be 
raised somewhat. 

Please accept my congratulations on a fine beginning. I only hope that the 
Senate will consider the bill SENAY during the next session. 

Sincerely yours, 
J. KE. Lier, 

Corporate Director of Development Planning. 

CoNnvVAIR, 

A DIVISION oF GENERAL DYNAMICS CORP., 
San Diego, Calif., November 12, 1959. ~ 

Mr. WARREN G. MAGNUSON, ; 
Chairman, Committee on Interstate and Foreign Commerce, 
New Senate Office Building, Washington, D.C. 

Dear Mr. Macnuson: Studying the proposed bill S. 2692, Marine Sciences and 
Research Act of 1959, we find that it agrees closely with the minimum require- 
ments suggested by National Academy of Sciences as set forth in several reports 

published by the Committee on Oceanography. 
We agree with the committee’s suggestions as far as they go. Accordingly, 

the bill appears to be a good one. 
One thing must be pointed out. The funds proposed (sec. 8; p. 16, line 23; 

p. 17, line 3) for creation of a National Oceanographic Records Center (NORC) 
are not adequate. If this facility is to constitute more than a gesture the total 
amount called out in the bill for capital equipment and operation of NORC 
should have its decimal point moved to the right one place. This would result 
in minimum acceptable support. 
New methods of data acquisition, processing, and storage are beginning to be 

used in oceanography. These methods were developed principally for missile 
and aircraft flight testing, where they have been used successfully for more 
than a decade. We presently are conducting a study, for Office of Naval Re- 
search, on oceanographic instrumentation to make recommenadtions in this very 

matter. 
To keep up with these improved methods (and the increased volume of 

oceanographic data forseen) NORC must be prepared to store data in modern 
ways. Among these are IBM punched ecards, or perhaps Fosdic or magnetic 
tape. Machines must be available to sort, encode, and file the data, and to 
search for data automatically. These methods are now being used in various 
(and not always compatible) ways by the U.S. Weather Bureau, the Bureau of 
the Census, and many private concerns including our own. 
Hxperience shows that these methods are expensive. Like mass production 

and automation the expense is more than offset by the increase in output per 
dollar spent. 

NORC is much needed. Like everything else worth doing this is worth doing 
right. It would be unfortunate to create this key facility based exclusively on 
methods or philosophies that are already 10 or 20 years out of date. 

Sincerely, 
H. HE. S&rsert, 

Flight Test Growp Engineer. 
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ATLANTIC STATES MARINE FISHERIES COMMISSION, 
Mount Vernon, N.Y., March 28, 1960. 

Re S. 2692. 

Senator WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S, Senate, Washington, D.C. 

My Drar Senator Magnuson: Although no formal action on your bill 8. 2692 
has yet been taken by this commission, I believe it is proper for me to say that 
it has aroused much interest both among the members of the commission and 
more particularly their scientific advisers. Because of the commission’s long- 
time interest and support of biological and oceanographic research, I assume 
that the commission would favor in principle the objectives of your bill, although 
there might be some diversity of opinion as to certain details. 

For example, one member of our biological committee, Dr. William J. Hargis, 
director of the Virginia Fisheries Laboratory, had sent me a copy of his letter 
of October 8, 1959, to you complimenting you and your committee and offering 
some specific suggestions as to facilities and equipment and for increasing the 
appropriations for certain items. We have also had some correspondence from 
other members of the same biological committee expressing general approval in 
the whole but asking for interpretation of some clauses. 

It is for these reasons that I think it proper to say that this commission and 
its advisers are genuinely interested in S. 2692 and hope that copies of any 
amendments that may be suggested will be sent to us prior to our annual meet- 
ing in September so that if formal action by the commission seems desirable 
at that time, it can be taken. 

Speaking as an individual, I believe S. 2692 is a farsighted measure which 
recognizes the great need for increasing our oceanographic research in a wide 
cooperative program. It seems to me that the important thing is to agree on 
the objectives and get the big program started. Later, if experience indicates 
need for modifications of procedures, that can be done by amending the act. 

With appreciation of your kindness in supplying material to us from time to 
time, I am, : 

Sincerely yours, 
WAYNE D. HrypeEckKeEr, Secretary-Treasurer. 

(The comments from the Government agencies follow :) 

EXECUTIVE OFFICE OF THE PRESIDENT, 
BUREAU OF THE BUDGET, 

Washington, D.C., April 13, 1960. 
Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
Washington, D.C. 

My Dear Mr. CHAIRMAN: This is in response to an informal request by com- 
mittee staff for the views on S. 2692, a bill to advance the marine sciences, to 
establish a comprehensive 10-year program of oceanographic research and sur- 
veys; to promote commerce and navigation, to secure the national defense; to 
expand ocean resources; to authorize the construction of research and survey 
ships and facilities; to assure systematic studies of effects of radioactive ma- 
terials in marine environment; to enhance the general welfare; and for other 
purposes. 

While recognizing the merit of strengthening the marine sciences, the Bureau 
has serious reservations about the necessity and advisability of enacting S. 2692. 
As far as we can determine, the various agencies engaged in or supporting 

research in the marine sciences already have adequate legislative authority to 
continue or expand their work in this field. Accordingly, we believe that the 
enactment of S. 2692 to be unnecessary. 
We are further concerned over the general approach which the bill takes in 

authorizing specific sums of money for various activities and programs of the 
Federal agencies engaged in the marine sciences. No field of science remains 
static. In this day and age there is a constant need for review of scientific 
requirements and redirection of research programs. It does not seem advisable; 
therefore, to earmark dollar amounts for specific agency activities or to delineate 
the composition of scientific activities in detail as S. 2692 undertakes to do. 
We recognize the interest of the committee in seeking to strengthen the marine 

sciences. However, such strengthening not only can take place under existing 
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authority but is already underway as reflected in the 1961 budget. In the 
budget message, the President specifically refers to the steps being taken to 
augment Federal support of the marine sciences since the report of the National 
Academy of Sciences on this subject. The budget provides for a substantial 
increase in Federal expenditures in this field, from $38 million in 1960 to $56 
million in 1961, exclusive of certain military expenditures related to survey work 
n oceanography. We believe this gives appropriate recognition to the special 
needs of oceanography and the marine sciences for additional support from 
Federal agencies, and that together with increased aid from private sources, it. 
should permit a significant expansion of research in these fields. 

For the reasons given above, the Bureau would oppose enctment of S. 2692. 
Sincerely yours, 

PHILLIP §. HUGHES, 
Assistant Director for Legislative Reference. 

COMPTROLLER GENERAL OF THE UNITED STATES, 
Washington, November 17, 1959. 

Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
US. Senate 

DEAR Mr. CHAIRMAN: Further reference is made to your letter dated Sep- 
tember 17, 1959, acknowledged on September 21, requesting; the comments of 
the General Accounting Office concerning §S. 2692, 86th Congress, 1st session, 
entitled ‘“‘A bill to advance the marine sciences, to establish a comprehensive 
10-year program of oceanographic research and surveys; to promote commerce: 
and navigation, to secure the national defense; to expand ocean resources; to 
authorize the construction of research and survey ships and facilities; to assure: 
systematic studies of effects of radioactive materials in marine environments; 
to enhance the general welfare; and for other purposes.” 

In the consideration of the bill, we recommend the following corrections and. 
clarifications : 
The reference in line 5, page 15, to “the preceding item (a)” apparently was: 

intended to read ‘“‘the preceding item (c).” 
Section 7(f) directs the Maritime Administration to construct ships of 

designated tonnage. However, section 8 does not authorize any additional 
appropriation to the Administration for this purpose. If it is intended that 
other funds are to be used for this purpose, it is recommended that the bill so- 
state. Also, it is not clear whether the ships required to be constructed by 
section 7(f) are in addition to ships authorized to be constructed by other 
sections of the bill. 

Section 8(d) does not place any limitation on the cost of operating new Coast 
and Geodetic Survey ships, while an annual limitation is imposed on the Bureau 
of Commercial Fisheries by section 6(b) and on the Navy by section 14. We 
do not know whether this was an oversight or was intentional. 

The last sentence of section 10 states ‘““Appropriations authorized in this section. 
shall be in addition to other appropriations provided for such department or 
office to carry out its duties under law.” However, we are unable to ascertain. 
where any appropriation has been authorized in such section. 
We also recommend that a general provision be included in the bill to the 

effect that all agreements for grants in excess of a specified amount, e.g., $50,000, 
contain a provision that the Comptroller General of the United States or his 
duly. authorized representatives shall have the right to examine any directly 
pertinent books, documents, papers, and records, of the grantee relating to the 
purpose of the grant, for a period of 3 years after the last payment under the 

grant. 
We recognize that the question whether legislation of this type is necessary 

is strictly a matter of policy for determination of the Congress, on which we 
express: no opinion. However, we would suggest that the matters hereimabove” 
set forth be given serious consideration by your committee in its deliberations: 
on the bill. 

Sincerely yours, 
JOSEPH CAMPBELL, 

Comptroller General of the United States. 
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DEPARTMENT OF THE NAVY, 
OFFICE OF THE SECRETARY, 

OFFICE OF LEGISLATIVE AFFAIRS, 
Washington, D.0., April 19, 1960. 

Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 

U.S. Senate, Washington, D.C. 

My Drar Mr. CuatrMan: Your request for comments on S. 2692, a bill to 
advance the marine sciences, to establish a comprehensive 10-year program of 
oceanographic research and surveys; to promote commerce and navigation, to 
secure the national defense; to expand ocean resources; to authorize the con- 
struction of research and survey ships and facilities; to assure systematic 
studies of effects of radioactive materials in marine environments; to enhance 
the general welfare; and for other purposes. has been assigned to this Depart- 
ment by the Secretary of Defense for the preparation of a report thereon ex- 
pressing the views of the Department of Defense. 

The purpose of S. 2692 is as stated in the title. 
While the Department of Defense concurs in the objectives of this bill, it 

does not consider enactment of S. 2692 necessary to achieve these objectives. 
In general the agencies of the Department already have adequate legislative 
authority to continue and expand research in the marine sciences. In this 
connection it should be noted that the expenditures of the Navy for oceanography 
are expected to increase from $17 million in 1960 to $23 million in 1961. For the 
Government as a whole expenditures will increase from $38 million in 1960 to $56 
million in 1961. 

If, however, favorable consideration is given to S. 2692 the Department of 
Defense would have the following suggestions to offer regarding the provisions 
of such proposed enactment: 

Sections 2 and 3 of the bill propose to establish a Division of Marine Sciences 
in the National Science Foundation in which there is an interagency com- 
mittee ostensibly to develop and encourage the continuing national policy and 
program for the promotion of oceanography. The establishment of such a 
division should be based on the needs and desires of the Foundation. It does 
not seem appropriate however to extend the National Science Foundation’s 
authority into applied research activities the establishment of which the pro- 
posed division might authorize. The National Science Foundation should con- 
tinue to support basic research and programs to strengthen scientific research 
potential in all of the sciences including specialized fields such as oceanography 
which may from time to time require particular emphasis. 

The Subcommittee on Oceanography of the Federal Council for Science and 
Technology has proposed that under the Federal Council a permanent inter- 
agency committee be established to exercise program control] and coordination 
of the national oceanography program. The subcommittee as a precedent for 
this form of management has demonstrated its effectiveness in the 6 months of 
its existence. 

Section 7 of the bill provides for the establishment within the Department of 
Commerce of a National Oceanographic Records Center. The Subcommittee 
on Oceanography has recommended and it is generally accepted in the scientific 
community as being more appropriate that the National Oceanographic Data 
Center be established at the Hydrographic Office with joint policy guidance 
and financial support to be provided by the Navy, the Coast and Geodetic Survey, 
the Bureau of Commercial Fisheries, the National Science Foundation, and the 
Atomic Energy Commission. This permits the utilization of existing facilities, 
equipment, and personnel. The expansion of the present physical plant can be 
more rapidly accomplished and at considerably less expense than the establish- 
ment of a second installation. 

It is recommended that provision be made for such joint policy guidance 
and financial support as is necessary to insure that all of the Federal require- 
ments are fulfilled. This can be accomplished by revision of section 6 to provide 
for participation and financial support of a National Oceanographic Records 
Center by the Bureau of Commercial Fisheries and revision of sections 8(a) 
and 8(b) to provide for similar support and participation by the Coast and 
Geodetic Survey. 

The Nayy’s research program TENOC for 10 years in oceanography is recog- 
nized as the cornerstone of the national program. TENOC is now being revised 

to include all phases of oceanography such as research, development, surveys, 
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and long-range: requirements for ship and facility construction. It, therefore, 
appears appropriate that the portion of section 14 relating to ship construction 
should be worded in general terms similar to the provision calling for the con- 
struction of new shore facilities. The Navy oceanographic shipbuilding pro- 
gram should be developed within Navy and approved by Congress as a portion 
of the Navy’s total shipbuilding program. in accordance with established Bae 
cedures. 

It is noted that the Department of Health, Education, and. Welfare is not 
included in S. 2692. This Department is contributing to oceanography with 
studies of radioactivity in the oceans and could also participate in an eduea- 
tional program which is essential to train the manpower required for an 
expansion of the national effort in oceanography. Further legislative authority 
is not needed by this Department, we understand. 

Pursuant to sections 426—426hb of title 33 of the United States Code, the De- 
partment of the Army, through the Chief of Engineers and the Beach Hrosion 
Board, has a primary interest in nearshore oecanography and the interaction 
between the oceans and the land (shore and near-shore bottom). In order 
that this interest may be given recognition, it is reeommended that the following 
revisions be made in S. 2692: 

In the fourth line of the title, add ‘‘and coastal” after “‘ocean’’. 
On page 3, line 17, and page 8, line 16, after “buoys” add “instrumented 

marine towers, wave gages,”’. 
On page 6, line 1, after “Standards,” add ‘‘the United States Army Corps of 

Engineers (including the Beach Erosion Board),”’. 
On page 7, line 13, after “Administration,” add “the Beach Erosion Board of 

the United States Army Corps of Engineers,”’. 
On page 28, insert the following new heading and new sections 15 and 16 and 

renumber present general section 15 as section 17: 

“DEPARTMENT OF THE ARMY 

“Sno. 15. The Secretary of the Army is authorized and directed, with such 
funds as may be appropriated or otherwise made available to him, to undertake 
a ten-year program of study and research by the United States Army Corps of 
Engineers through the Beach Erosion Board, as part of the general program 
for the development of the marine sciences in the United States. In further- 
ance of the purposes of this Act, the Secretary is authorized and directed to 
earry out, in addition to programs now under way, the following activities re- 
lating to physical oceanography in the near-shore areas of the Atlantic and 
Pacific Oceans, the Gulf of Mexico, and the Great Lakes, which areas include 
the zone from the shore to the 50-fathom depth contour in the oceans and lakes, 
and bays and tidewaters connected therewith : 

“a. Request and obtain cooperation from other Government agencies having 
an interest in the marine sciences and ocean surveys, and cooperate with edu- 
eational institutions and laboratories devoted to the marine sciences and ocean- 
ography, and with other public and private organizations and persons who may 

be of assistance. 
“b. Contract with qualified scientists, research laboratories, research organi- 

zations, or educational institutions to undertake basic and applied research 
studies and experiments in the laboratories and in coastal waters, in further- 
ance of the purposes of this Section. 

“e, Undertake in coastal waters studies of the action of waves, wave currents, 
tides, tidal courrents, and large-scale ocean and littoral currents. 

“qd. Study and evaluate the interaction of the atmosphere, the sea, and the 
land as they affect the waves, currents, tides, surges, hydrographic contours, and 
hydrographic changes in the coastal zone. 

“e. Histablish observation stations in coastal waters to determine the short- 
term, seasonal, and yearly changes in waves, currents, and hydrography in the 
area Surrounding the station. 

“f. Develop, construct, or acquire instruments and equipment for the further- 
ance of the program of studies authorized in this section. 

“ge. Determine the sources of the bottom materials in the coastal area, the 
rates and methods of movement of these materials, and the effects on the coastal 
hydrography of changes in the rate at which these materials reach the coastal 
zone. 2 
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“h, Study the mechanics and effects of density currents encountered in the 

coastal area on the current velocities, current patterns, hydrography, inter- 

change of waters, and rates of sedimentation. 

“Spo, 16. In order to carry out the policies of this Act and of 8S. Res. 136, 

86th Congress, and to provide for the participation of the Department of the 

Army, including either or both military or civil functions activities, in the 
general program for the development of marine sciences in the United States, 

there is hereby authorized to be appropriated to the Department of the Army, 

during the ten-year period beginning July 1 of the first fiscal year following 

approval of this Act, the following sums, not to exceed $2,000,000 per annum : 
“a. Such sums as are necessary for the investigations and activities described 

in section 15 relating to investigations in physical oceanography in the near- 

shore zone. 
“b. Such sums as are necessary to purchase, develop, or acquire and operate 

the scientific equipment required for investigations in physical oceanography 
in the near-shore zone, including but not limited to amphibous craft, floatng 
eraft, fixed platforms, buoys, current meters, wave meters, tide gages, sound 
equipment, direct density measuring equipment, turbulence meters, underwater 
cameras, and underwater television equipment, and other instruments and lab- 
oratory for oceanograph research in the near-shore zone. ; 

“ec. Such sums as are required for expansion and equipping of shore facilities 
as are necessary to support the program of investigations in physical ocean- 

ography in the near-shore zone. 
“qd. Such sums as are necessary to provide funds for contracts with qualified 

scientists, research laboratories, research organizations, or educational institu- 
tions to make investigations into physical oceanography in the near-shore zone.” 

In addition to the foregoing, it is recommended that the following specific 

changes be made in S. 2692: 
Page 3, line 4, after the word “research” insert “and marine surveys.” This 

is suggested as being more descriptive of the provisions of S. 2692. 
Page 3, line 6, change lines 6 and 7 to read, “the National Academy of Sciences- 

National Research Council. This program should include, but not be limited to 

the—”’. 
Page 3, lines 11-13, substitute: ‘modernization of existing and construction of 

new Government and civilian laboratory and shore facilities adequate to service 
and supplement the research and survey fleets;”’. This is suggested to permit 
flexibility in the utilization of existing facilities. 

Page 3, lines 15 and 16, change to read: “research tools, devices, instruments, 
and techniques which may include but not be limited to bathyscaphs and other 

manned”. 
Page 3, line 25, change to read: “among undergraduate students of mathe- 

matics, physics, engineering, chemistry,”. 
Page 4, line 22. It is recommended that the Federal Council for Science and 

Technology establish the interagency mechanism for management of the national 

program in oceanography vice the establishment of a division within the N ational 

Science Foundation for this purpose. The functions of this management mech- 

anism should be similar to the duties and responsibilities outlined for the Divi- 

sion of Marine Sciences in S. 2692. 
Page 10, line 16, change to read: “‘(g) Request and obtain cooperation from 

and cooperate with other gov-”. 
Page 12, line 13, change to read: “or procuring facilities for such studies which 

may include but not”. 
Page 14, par. (b). It is recommended that this paragraph be deleted and 

that formal recognition and support be given the Hydrographic Office as the Na- 

tional Oceanographic Records Center by revision of sections 13 and 14. It is fur- 

ther recommended that provisions be made for such joint policy guidance and 

financial support as is necessary to insure that all of the Federal requirements 

are fulfilled. 
Page 16, line 6, change to read: “oceangoing scientific ships, with preference 

given to such agencies and”. 

Page 22, line 13, substitute ‘‘basic” for “basis”. 

Page 22, line 20. To provide greater flexibility and to be consistent with the 

general authority of the Office of Naval Research, the following is suggested as 

a substitute for. lines 20-22: “Provide funds by contract or otherwise to scien- 

tists, Government and non-Government research laboratories or institutions in 
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futherance of the purposes of this Act, such funds to be used for basic and ap- 
plied research, the purchase of equipment,”’. 

Page 23, line 3, following “basic” insert “and applied’. This suggestion is 
offered as being descriptive of existing authority. 
Page 23, lines 12 and 13, following “laboratories” substitute “and provide re- 

lated instruments and equipment to support effectively the expended program of 
basic and applied oceanographic research and hydrographic”. This suggestion is 
for completeness and accuracy. , 

Page 23, lines 17 and 18, change to read: “vehicles for ocean research and ex- 
ploration, which may include but not be limited to bathyscaphs and other manned: 

submersibles,”’. 
Page 24, lines 3 and 4, change to read: “(e) Continue and expand the Navy’s 

support of marine studies substantially as proposed in project THNOC or the: 
Navy’s revised long range oceanography program’’. 

Pages 24 and 25, par. (h) and (i). As a positive means of implementing the 
authority contained in these provisions, it is recommended that section 13 of S: 
2692 include a provision to amend section 7394, title 10, United States Code, by’ 
adding: 

“The Secretary of the Navy is authorized to furnish maps, charts, and other 
publications and products of scientific value of the Hydrographic Office without 
charge to educational institutions, laboratories, and other public and private 
organizations and persons when it is determined that to furnish such informa- 
tion is in the national interest.” 

Existing statutes are adequate to cover the furnishing of such information to 
commercial interests but they are construed as making impossible the free 
distribution of material of scientific value. 

Page 25, line 7, change to read: “(i) Request and obtain cooperation from and 

cooperate with other govern—”. 
Pages 26, lines 1-20. It is recommended that the portion of this section relat- 

ing to ship construction be worded in general terms similar to line 5, page 
27, for the construction of new shore facilities. 

Page 27, line 5. Change to read: “for modernization, improvement, and ex- 
pansion of existing shore facilities for basic research and for construction of 
new shore facilities for basic’. 

Page 27, line 8. Change to read: “for modernization, improvement, and ex- 
pansion of existing shore facilities for survey work and for construction of new 
shore facilities for survey”. 

Page 27, line 10. It is recommended that the following substitution be made 
for the present language beginning on line 10 and extending through line 21. 
The substitution is offered for consistency with authority granted elsewhere 
in S. 2692 and in some instances reflects instrumentation already in use or in 

research and development stages under the cognizance of the Department of 

the Navy. 

“for engineering needs for ocean exploration and research which may include 
bathyscaphs and other manned submersibles to be used for research, wave 
measuring equipment, systems engineering for reduction of data, manned and 
unmanned buoys for automatic continuous oceanographic recording, icebreakers 
and submarines modified or converted for scientific use, vessel positioning sys- 
tem, acoustical equipment and telemetering devices, current meters, measuring 
devices for direct density, turbulence and radioactivity, and underwater tele- 
vision, seismic equipment, automatic continuous biological sampling devices, 
precision salinometers, precision echo sounders, towed temperature recorders, 
magnetometers, and other instruments and laboratory equipment for oceanogra- 
phic research ; and”. 

This report has been coordinated within the Department of Defense in accord- 
ance with procedures prescribed by the Secretary of Defense. 

The Department of the Navy has been advised by the Bureau of the Budget 
that there is no objection to the submission of this report on 8S. 2692’ to the 
Congress. 

Sincerely yours, 
F. A- BANTzZ, 

Under Secretary of the Navy, 
(For the Secretary of the Navy). 
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OFFICE OF THE SECRETARY OF THE TREASURY, 
Washington, April 25, 1960. 

Hon, WARREN G. MAGNUSON, 
Chairman, Committee on Interstate and Foreign Commerce, 
U.S. Senate, Washington, D.C. 

My Dear Mr. CHAIRMAN: Reference is made to your request for the views 
of this Department on S. 2692, to advance the marine sciences, to establish a 
comprehensive 10-year program of oceanographic research and surveys; to pro- 
mote commerce and navigation, to secure the national defense; to expand ocean 
resources; to authorize the construction of research and survey ships and 
facilities; to assure systematic studies of effects of radioactive materials in 
marine environments; to enhance the general welfare; and for other purposes. 

The Department is not in a position to state whether new legislation is neces- 
sary to carry out the proposed program of oceanographic and marine research 
or whether it could be carried out by the departments and agencies specified in 
the bill under their existing authority. However, the Department would like 
to point out that the bill fails to recognize important interests that the Coast 
Guard has in many phases of the proposed research program. For example, 
the Coast Guard is charged with the enforcement of all applicable Federal laws 
upon the high seas and waters subject to the jurisdiction of the United States 
and the administration of a safety program upon these waters covering all mat- 
ters not specifically delegated by law to another Federal agency (14 U.S.C. 2). 
The Coast Guard, in its management of the international ice patrol service, con- 
ducts oceanographic surveys of the ocean areas in the North Atlantic and 
collects and disseminates ocean data (46 U.S.C. 738a(d)). Coast Guard vessels 
serving on ocean station duty collect and furnish limited oceanographic data to 
the U.S. Navy Hydrographic Office (14 U.S.C. 90). Icebreaking ‘vessels are 
maintained and operated by the Coast Guard as one of its primary duties (14 
U.S.C. 2, Executive Order 7521). The Coast Guard also has responsibility for 
ne the carriage of explosives and other dangerous articles by vessels (46 

.8.C. 170). 
Inasmuch as the Coast Guard already has authority to conduct programs in 

oceanography, it would not seek further authorization for these programs. How- 
ever, should your committee take favorable action on this bill, the Department 
would suggest appropriate recognition of the oceanographic activities of the 
Coast Guard, along with those of other agencies. 

The Department has been advised by the Bureau of the Budget that there is 
no objection to the submission of this report to your committee. 

Very truly yours, 

A. GILMORE F'LUES, 
Acting Secretary of the Treasury. 

x 
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